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CHAPTER L 

INTRODUCTORY. 

A MACHINE is an assemblage of moving parts, constructed for the 
purpose of transmitting motion or force, and of modifying, in 
various ways, the motion or force so transmitted. 

In order to form a definite idea of the meaning which attaches 
to the word ' machine,' it may be useful to refer to an example 
commonly met with — such as an ordinary sewing machine. The 
apparatus -is rightly called a machine, as being capable of doing 
work of one definite kind, under the simple condition that some 
natural source of energy shall bear upon it and set the working 
parts in motion. Upon looking into its construction we should 
find a fixed framework supporting combinations of movable parts, 
whereof* some are employed in actuating a needle and shuttle, 
while others carry forward the material which is to be stitched. 
The movable parts are constrained to take certain definite motions, 
which are arranged beforehand, while some natural force, such as 
the power of the hand or the foot, is applied to the proper recipient, 
and then the machine does work as a necessary consequence of 
the action of the motive power. 

In commencing the systematic study of machinery, it will be 
readily understood that certain simple relatioivs oi tcv.o\.\oxv ^x^ 
traceable between the prime mover which stalls XSaa xfta-Oc^^^^ 

B 



3 Elements of Mechanism. 

and the pieces which execute the work ; and it is also clear that, 
in practice, relations governing the transmission of force must exist 
as certainly as those which govern the transmission of motion. 
The considerations relating to force may often occupy the mind 
of the mechanic in a greater degree than those which refer to mo- 
tion; but in reducing the subject to analysis it will be found con- 
venient to separate the two points of view, and to confine our 
attention in the first instance mainly to Theoretical Mechanism — 
that is, to an examination of the various contrivances and arrange- 
ments of parts in machinery whereby motion is set up or modified 
— and to disregard or postpone any enquiry into the mechanical 
laws which control the forces concerned in these movements. But 
as the present work is intended for use and study by practical men, 
the author will to a small extent break through this general rule, 
and will take occasion, where the enquiry would be useful, of 
pointing out also the manner in which certain pieces of mechanism 
have served a compound object in transmitting exact and definite 
amounts of motion, while dealing at the same time with refined 
and subtle distinctions as to the method of transmitting force. 

We have now to consider and arrange the method according 
to which our enquiries are to be carried on, and if we were to 
pause for a moment and look back upon that rapid creation of 
machinery which followed so closely upon the splendid invention 
of the steam engine by Watt, we should naturally expect that some 
uniform arrangement for applying steam power would be adopted 
by common consent, and that this arrangement would powerfully 
influence the art of constructive mechanism. Accordingly we find 
that in applying the power derived from steam for the purpose of 
driving machinery in our mills and factories, it is the practice to 
connect the engine with a heavy fiy wheel, the rotation of which is 
made as uniform as frassible, and then to carry on, by lengths of 
shafting, the uniform motion of the fly wheel to each individual 
machine in a factory. 

Suppose, for example, that we were visiting a cotton mill, and 

were examining and endeavouring to comprehend the action of a 

complete piece of machinery, such as a power loom for weaving 

calico. We should at once see that every moving part, acting to 

produce the required result, derived vis mouoQ Siom <.\ift \iTOSQnft 
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4nd constant rotation of a disc or pulley, outside the machine 
itself, and communicating by means of a band with the shafting 
driven by the engine, and thus it would become obvious that the 
problem of making a machine resolved itself mainly into a question 
of the resolution or transfer of circular motion in every variety of 
manner, and subject to every possible modification. 

We shall therefore commence, in the present chapter, with 
some general observations on the conversion and transfer of motion 
in the simple primary forms under which it is to be regarded at 
the outset of the study of mechanism, reserving a more complete 
discussion of the different divisions of the subject for the remaining 
chapters, each of which will treat of movements of a particular 
class. 

It will soon become apparent that, by combining, transferring 
ffl modifying simple modes of motion, an almost endless variety 
of mechanisms may spring into existence, and our object will be 
to classify and arrange these mechanisms in such a manner that 
the reader may acquire a fair knowledge of what has been already 
accomplished, and may trace the principles which have been de- 
veloped in the construction of many well-known machines. 

To the geometrician a straight line or a plane surface are crea- 
tions of the mind. Euclid, more than 2,ooo years ago, had as 
complete a conception of a straight line or a plane as We have at 
'tiie present day, but he could not realise his conceptions even 
approximately, by reason that accuracy of surface was at that time 
a thing unknown. 

And even now how few among young mechanics are aware of 
the exact conditions under which truth of surface has been 
originated, or that a difference of length of ttttott "f 3" inch is 
:a quantity which can be palpably and unmistakably measured by 
.a workshop instrument, without the aid of a microscope or magni- 
r-^ng lens of any kind. It is not enough to describe machines on 
paper, and to say that they will effect such and such results. The 
science of mechanism is a practical science; it must be more than 
a speculative creation ; the principle of each movement must he 
embodied in shaped pieces of suitable material, and there must be 
some method of testing the exact form ot Amet^^ww^ (A ftv^ 
.xveral parts. It follows that a knowleidge of line ste^^ '«V\t\v\a.Nc 
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given to the mechanician the two aids upon which he mainly relies, 
viz. truth of surface and the power of measurement, will form an 
essential portion of the subject-matter upon which we have to 
treat 

Art. I. — To commence with a few enquiries relating to the 
motion of a point in space — a point being that ideal thing called 
a material particle, which is defined in a Cambridge text-book as 
being 'a portion of matter indefinitely small in all its dimensions, 
so that its length, breadth, and thickness are less than any assign- 
able linear magnitude' — we shall treat the motion of such a point 
as a simple matter of geometry, all its movements being exact of 
their kind. 

There are three primary cases : — 

L The point may move in a straight line. In such a case the 
direction of its motion remams constant, being that of the line in 
which it moves. 

II. The point may move in one plane, but may continually 
change the direction of its motion. 

III. The point may change its direction so as to move in a 
curved line of any kind. 

In the second case the point is said to move m a plane curve, 
for, according to geometers, a cun-e is a line traced out by a moving 
point, which is continually changing the direction ot its motion," 
and a plane curve is one which lies in a given plane. 

Conceive that a point is describing a plane curve AB; then the 
straight line in which the point would 
move at P, if h there ceased to change 
tlie direction of its motion, is called the 
o the curve AB at the point P 
^that is to say, the direction of the 
motion of a moving point is at each 
instant the tangent to its path when the path is a curve. 

It should be borne in mind that we have spoken of a material 
particle as the moving thing, because a material particle has the 
property of mass, and cannot change its velocity or direction 
abruptly unless it be subjected to the action of an infinite force, 
though of course it may be moved abruptly in the sense of being 
"notion from a position of rest. 



Velocity, - 5 

In the third case the point may move in a curve traced upon 
the surface of a cylinder, and not lying in one plane, as, for ex- 
ample, if it followed the outline of the banister of a cylindrical 
staircase. 

The definition of a tangent previously given applies generally 
to all curves, and if a point be moving in a straight line at any 
instant it must also be moving in some definite plane; hence we 
may describe the motion now under consideration by saying that 
the direction of the curve at any instant is continually changing 
by the twisting of the plane in which the point is then moving 
about its tangent line. 

Art. 2. — We have next to speak of the velocity of the moving 
point. 

So long as a point is moving continuously, we can form an 
idea of the rate at which it is changing its position relatively to 
other points which are assumed to be at rest. This rate of change 
of position is the velocity of the moving point 

Velocity may be either uniform or variable. 

The word * uniform ' indicates that the lengths of path de- 
scribed by the moving point in equal times are always the same, 
and the word * variable ' is applied when the rate of change of 
position of the moving point is continuously altering. The latter 
term would not apply to a step-by-step movement. 

When the velocity of a point is uniform, it is measured by the 
length of path passed over in a unit of time — that is, in technical 
language, by the space described in the unit of time. 

The unit of space is usually one foot, and the unit of time is 
one second. 

Hence if a point be moving uniformly with a velocity v^ it 
will describe v feet in any second, and will describe tv feet in 
/ seconds. 

Let s be the space described in / seconds, then 

s=^tv. or z;=^. 

Def K foot-second of velocity is the velocity which would cause 
a point to move uniformly through a foot in every second. If the 
velocity of a point be n foot-seconds the pomt. ViX\. xc^ON^xixviiQrcc^ 
through ^ feet in e^ch isecond of time. 
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Art. 3. — If the velocity of the point be variable we must look 
to the rate at which s changes as t flows on, or to the ratio be- 
tween the so-called fluxions of s and /. The word 'fluxion ' was 
introduced at the time of Newton. 

Suppose that in time A/ the point describes a space Ar, and 
that its velocity in the same time increases or decreases continu- 
ously and becomes v + ii'. The space it actually describes lies 
between the spaces it would describe if its initial and final velo- 
cities were continued uniform during time i^, or 

wiA Aj, (7.' -)- Ai')A/ 
are in order of magnitude, and so are 



/-l-Ap. 



Now let A/, and consequently Ar, Ar/ be diminished indefinite 

in which case let — become 4, then the first and third f 
A/ dt 

become equal to that lying between them, or w = — . 
Hence v=: ~ for variable motioa 

In other words, velocity, when uniform, is measured by t 
space described in a unit of time ; when variable it is measuredij 
the space wiiich would be described in a unit of time, if the p 
retained throughout that unit the velocity which it has a 
stant considered. The above statements apply equally whether Q 
point be moving in a straight line or in a curved line of any kinaf 

It is further apparent that the velocity of a point at any instant 
may be represented by a straight line, for the direction of motion 
of the point will be the direction of the line, and the numerical 
measure of the velocity will determine the number of units of 
length in the line. 

Inasmuch as a straight line can be drawn in any direction from 
a point, and since it is usual to describe the straight line as posttiit 
when it is drawn in one direction from a point, and negative when 
it is drawn from the same point in the opposite direction, so velo- 
cities can be similarly described as positive or negative, according to 
their directions in the same straight Une. 



Resolution of Velocities. 

Art. 4.-:-We pass on to the resolution and composition ofl 
velocities. Conceive that a point is moving uniformly in the« 
straight line PQR with a velocity v, 
and let P, Q, R be three positions of 
the moving point 

Take any two straight lines Ox, 
Oj" inclined at a given angle, and 
lying in a plane passing through 
PQR ; draw ?/, Qy, Rr respectively 
parallel to Qy ; then pq : pr W PQ 

: PR, and the motion of/ along Ox will be in a constant ratio tp»J 
the motion of P along PR. 

The point / is called the projecfion of P on Ox, and the velo- 1 
■city ai p is said to be th2 velocity ofP resolved along Ox. 

In like manner, if a straight line AR be taken to represent I 
the velocity existing in a point at any 
instant, and Ax, Ay be any two straight 
lines intersecting in A, and if the parallelo- 
gram APRQ be completed, the sides AP, 
■ AQ wiU represent the resolved velocities 
■of the point in directions Ay, Ax. It is 
usual to speak of AP, AQ as the compo- 
nents of the velocity AR ; and, again, AR is called the resultant 
■of the component velocities. Hence the following proposition : — 

lYap. If there be impressed simultaneously on a particle at 
A two velocities which would separately be represented by the 
adjacent sides AP, AQ.(fig. 3) of the parallelogram APRQ, the 
actual velocity of the point will be represented by that diagonal 
AR which passes through the point A. 

Cor. I. Let the angle PAQ be a right angle, and let RAQ= 



R 



Then will AQ = v cos 




r 
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Cor. 2. Let velocities represented by the three sides of a tri- 
angle taken in order — viz. AQ, QR, RA — be impressed at the same 
instant on a point ; then no motion will ensue, or the point will 
remain at rest ; for the velocities AQi QR are equivalent to a 
single velocity AR, and the velocities AR, RA are equal and 
opposite, and therefore destroy each other. 

Art. 5. — It has been stated that the most simple case of motion 
is that of a point describing a straight line with a uniform velocity, 
also that the motion of a point in a straight line may be the 
aggregate of two movements in lines at right angles to each other, 
and that this is true whether the motion of the point in a straight 
line be uniform or variable. 

But one imperative condition must be observed, viz. that the 
amounts of the corresponding movements in the two perpendicular 
lines must be in a fixed ratio to each other. When this condition 
fails, the point will describe a curve and not a straight line. 

The whole learning of analytical geometry proceeds on the 
doctrine of the composiuon of motion. If we wish to represent a. 
curve by means of a relation between symbols, called an equation 
to the curve, we begin by drawing two straight lines xQ)x\ yOy at 
right angles to each other, and employing them as lines of reference. 
For example, let the curve pass 
through point O ; take P any point in 
the curve, and draw PN perpendicular 
to Ox; letON=jt, NP=}'; then, ]S y 
be to * in a fixed ratio, the point P 
must of necessity lie in a straight line 
passing through O. 

Whereas if the ratio between y and 
X varies for every position of the moving 
point P, that point will describe a curve. 

Let P describe a circle whose centre | 
is C, and let CO=a ; join CP: then! 



NC=OC-ON=a-^. 
But 



CP5=PNHNC*. 
=y^^{a-xf 



Circular Motion of a Point. 



Fig. 7. 



The above relation is satisfied only by. points lying in the 
circle, and gives an analytical representation of the particular 
curve to which reference has been made. 

■ The lines x, y are called the co-ordinates of the point P, and 
the axes xOx'^ yOy are the axes of co-ordinates ; also the signs 
+ and — are employed to indicate the position of P in any par- 
ticular quadrant ; thus if P were situated an5rwhere in the quad- 
rant x'Oy', the corresponding values of x and y would both be 
negative. 

Art. 6. — We are now in a position to discuss the nature of cir- 
cular motion,. and may premise that the belief held by the ancients 
with regard to it was fanciful in the extreme, and is obviously 
untenable. It was said that the motion of a point in a circle was 
simple^ in the sense that it was not made up by putting together 
otj;ier separate movements, a doctrine in direct opposition to that 
just laid down. 

The modem belief is that the point P, while describing the arc 
OP of the circle OBDE, may have 
been the subject of two independent 
movements, one from O to N in the 
direction of the diameter OD, and 
the other from N to P in a perpen- 
dicular direction. 

Thus let OCD, BCE be two 
diameters of a given circle at right 
angles to each other, P any point in 
the circumference, PN, PM perpen- 
diculars on OC and BC respectively. 

Let P describe the circumference 
with a uniform velocity ; then the 

point N will travel to and fro along OCD with a variable velocity, 
while at the same time the point M moves at a varying rate up 
and down through BCE. 

The motion of the point; N is distinguished by a technical 
name, according to the following definition:—^ 

Def When a point P moves uniformly in a circle, the ex- 
tremity N of the perpendicular PN let fall iiom "? at^otv ^ ^-^j^'^ 
diameter OD has a simple harmonic motion. 
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It appears that this is nearly the case with such bodies as the 
satellites of Jupiter when seen from the earth. 

The term ' harmonic motion ' has been chosen for designating 
one component of circular motion because it represents approxi- 
mately the motion of a particle in the various media in which 
waves of sound, light, and heat are propagated. Thus a point at 
the end of the leg of a vibrating tuning-fork has a simple harmonic 
motion very approximately. 

We conclude that circular motion is of a compound character, 
and is capable of resolution into its elements. If it be thus re- 
solved, and if one equivalent be suppressed, so that the motion of 
N is substituted for that of P, we obtain the fundamental case of 
the conversion of circular into straight-line motion. 

And, further, we regard circular motion as compounded of two 
simple harmonic motions in lines at right angles to each other, 
but so related that one component comes to rest when the other is 
in the middle of its swing. 

It will be found that harmonic motions enter into the analysis 
of many forms of mechanism, and that no progress can be made 
without some knowledge of the laws here sketched out 

The following technical terms are introduced in order to state 
the nature of the movement correctly. 

Def, The amplitude of a simple harmonic motion is half the. 
distance between two extreme positions. In other words, it is the 
radius of the auxiliary or bounding circle. 

Def. The period Is the interval of time between two successive 
passages through the same position in the same direction — that 
is, it is the time of describing the complete circle. 
J Def. Iht phase is that fractifjnjrf the period which has elapsed 
k since the moving point was at itswBi i ii a e position in the positive 
direction. 

In applying these definitions we should say that M and N have 
the same amplitude, that they have the same period, and that they 
differ in phase by \ of the period ; whence we finally conclude 
that uniform circular motion is compounded of two simple har- 
monic motions of equal period and amplitude, taking place in 
lines at right angles to each other, and differing in phase by one- 
quarter of the whole period. 
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II 



Fig. 8. 




k 



\ 



Art. 7. — In order to express the relation between the posi- 
tions P and N we proceed as follows : — 

Let CP=«, PCO==:C. 

Then ON = OC-CN 

= OC-CPcosC. 

Or ON = ^z(i-cosC). 

£x. To find the position of CP 
when N is half-way between O and C 

Here 0N=2C=« 

•2 2 

/.?=^j: (i— cos C), 
2 

whence I— cos C=-, cos C=i — =i, 

2 22 

or C=6o°. 

It follows from this that N describes the first half of OC in 
double the time which it takes to describe the other half. 

In further analysing the movement we have to ascertain the 
relation which exists between the actual velocities of P and N at 
any instant 

Suppose P to sweep round with a uniform velocity, and we 
see at once that N begins to move slowly at O, comes to rest 
gradually at D, and that its greatest speed occurs when just passing 
through C 

The motion of N is not uniform, and its rate of advance at 
any given instant may be deduced from the so-called triangle of 
velocities. 

Thus take PC, which is perpendicular to the direction of 
motion of P, to represent its velocity in magnitude ; then PN, 
NC represent the components of the velocity of P in directions 
NC, PN respectively. 

. veL of N_PN _^. p^ij ^. ^ 

The sine of C has all values from o to i which are registered 
in a table of natural sines, and by substitution from this table we 
can find how much the velocity of P differs from that of N at 
any period of the motion 
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When C=45°, sin €=7071068, 

.*. vel. of ^=-x:§iis veL of P, very nearly. 

When C=go°, sin C=i, .-. vel of N=veL of P, 

which is evidently true, because the point P is then moving iii^ 

direction parallel to OD. 

We observe also that the motion may be divided into four 
equal portions, and that the advance of N from to C has an 
exact counter])art on the return from D to C, and so for the aCast 
divisions. 

Art. 8. — It happens that the compwDsition of two harmonic 
motions in lines at right angles to each other can be readily verifieil 
by experimenL For this purpose two tuning-forks, each four or five 
times as large as an ordinary tuning-fork, are required. A small 
polished steel mirror is attached to the outside of the leg of one 
fork in such a manner that the vibration of the leg would csiowk 
the image of a small luminous spot to describe a straight lin^ 
The fork is then mounted so that the line in ques^on becomes^ 
, vertical. The second fork is provided also with a small reflecting 
mirror, and is caused to vibrate in a horizontal plane, whereby the 
image of the luminous point, as taken from the first mirror, describe*' 
a horizontal line when the first fork is at rest 

We have thus two separate motions in lines at right angles to 
each other, and it has been stated that the morion of a point in tiw, 
leg of a tuning-fork is a simple harmonic motion. t 

When the two forks vibrate together, the spot of light described 
a path which represents the result of compounding the two sepfc 
rate harmonic morions. That path is found to change from s 
straight line to an oval, which presently swells out to a complete'"! 
circle, and then sinks down again to a straight line. The ciiclel 
and the straight line are the two extreme cases between which the'J 
intermediate curves are to be found 

The fact is that the forks are not exactly in unison, and that I 
one is continually gaining upon the other. If they start together, J 
a straight line is the result If one has gained upon the other si 
far that it is half a swing in advance, the straight line has changt 
into a circle. 

Art. g. — The velocity of N may be found by analysis. Thuj 
let ON=x, PCN=8, CP=a. Then x=a (y- eo=, ft^. 
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vel. of P= ^=-5— = a^y and vel. of N=^^^=fl sm 6 -, 
at at at at 



or 



vel. of N 
vel. of P 



/ioa . dQ • /I 



dt 



dt 



Another easy proof is the following : — 
Assume that P retains its present ve- 
locity, and let it move in any time to T. 
Draw TN' perpendicular to CN, and PR 
perpendicular to TN', and let PCO = 0, 

vel. of N NN' 



Fig. 9. 



then 



veL of P 



PT 



= P5 = PN^sina 
PT PC 




JS w 



Art. 10. — The changes which occur in the velocity of N 
may be set out in a diagram. 

Let C be the centre of the 
circle described by P; take FK, 
AB, two diameters at right angles; 
and draw PM, PN, respectively 
perpendicular to them. Also take 
CS=CM=PN, and join FS. 

Then in the triangles PMC, 
FCS the sides CM, CP are re- 
spectively equal to CS and CF, 
and the angle FCP is common 
to both; therefore the triangles 
are equal, 

and angle FSC=angle CMP. 

But CMP is a right angle ; therefore CSF is also a right angle, 
and S lies in the circumference of a circle described on CF as a 
diameter. 

It follows that if two circles be described on CF, CK as dia- 
meters, and any straight line CSP be drawn as in the diagram, the 
ratio of CS to CP will be the ratio of the velocities of the points 
N and P respectively. 

At the points F and K we have CS=CP, aiTvd iVv'^ N^Ci6xvt% ^S. 
Nand P become equal, which is evidently true. 




H 
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Art. II, — The motion of N may be derived from that of P 
by a simple mechanical arrangement. 

Let P represent a small pin set in a circular plate, which is 
movable about C as a centre 
of motion, and let the pin 
work in a groove EF whose 
direction is at right angles to 
that of the gliding bar BN. 
The bar is, of course, rigidly 
attached to EF, and is con- 
strained by guides to move in 
a line pointing to C 

Of the two equivalents 
which combine to produce the circular motion of P tl»t wh^ 
occurs in the direction FE is rendered inoperative, arid the whole 
of the other equivalent is Imparted to the sliding bar ; in this way, 
then, the bar moves to and fro as the disc rotates upoft its centre, 
and any point in ep odu es exactly the motion of N. 

Referring to he d w ng which is sketched from a model In- 
tended to e.xhib s mul n u I ■ the motions of the points M and 
N, it will be seen h a p n P passes through the grooved bars 
EF and KL, which over- 




Ficti 




lap each other and ^ 
connected" by slender 
rods sliding between 
guides. Also x and y 
are small balls or index 
fingers, each of whidi 
traverses over a gradu- 
ated stale, and indicates 
the movementof the cor- 
responding bar. As the 
point P travels round a 
circular groove, it is ap- 
parent that X and y re- 
spectively reproduce the 
movementsof Nand M, » 
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motioo, the next step is to consider the manner in which it may 
be modified or transferred 

There are two fundamental cases : — 

1. We may draw the circular motion from the circumference 
of the circle, as we should draw off a piece of string from a reel 
on which it has been wound. 

2. We may suppress one of the two components of the circular 
motion, and may take the other in the form of a complete har- 
monic motion. 

Each method leads to a variety of useful mechanisms. 

As to (i), when two circles touch each other, the direction of 
each curve at the point of contact is that of their common tangent, 
and hence a moving point may be readily transferred from one 
circle into another touching it 

Fig. 13. 





Thus a point describing the circle A with an uniform velocity 
may be passed into. the circle B, and will describe that also with 
the same linear velocity. 

If the circle B touch the circle A externally, the point will 
appear to whirl round in the opposite direction as it passes from 
one circle to the other ; whereas, if the circle B touch the circle 
A internally, the motion is the same as before, except that the 
direction of the whirl does not change. 

As a particular case let the radius of one circle become infinite, 
and we pass from circular into rectilinear motion, and conversely. 
In this case the point describing the circle goes off in a tangent, 
or the point travels along a tangent into its circular path. 

In like manner, if two circles be connected by a pair of com- 
mon tangents, as in the sketch, the point travefim^ lOWxA <3tv^ 
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circle may pass off in a tangent, describe a portion of the secotul 
drclC) and so return by a second tangent to its primary patli. 

Fig. h. 

iQlT)' (GxG' 

It is apparent that the direction of the whir] in E will be the 
same as that in A when the tangents do not cross, and will be in 
the opposite direction when they do cross, 
, Art. 13. — When a point passes from the circle A to the circle 



B in any of the previ 

described in any given tii 

Let a point moving u 




city of the moving point remains unaltered, 



moving uniformly, the angk 
e are inversely as the radii of the circles, 
iformly round the circumference of the 
circle whose centre is A pass on at 
D into the circumference of the 
circle whose centre is B without 
change of velocity. 

Let PD, DQ be arcs described 
in equal times, and let ADs^o, 
UB=d, PAD=fl, DBQ=?i. 
Then DP=aH, DQ=^f 
But DP=DQ, because the velo- 



.',ad:=6i^, and 



a_^^BQ 



which proves the proposition. 

Art. 14. — Hitherto the motion of a point has been regarded 
under three aspects, viz. — 

I. The motion in a straight line, 

II. The motion in a circle or in any other plane curve. j 

III. The motion in a curve of any kind not lying in one plane J 

The like motions, when applied to material bodies, give rise to,! 

elementary combinations or pat'rs, as they ore termed, which are 1 

!d in an endless variety of forms in complete machines. 
' nresent we con^ne our attention to cases 1 aai 1\. I 



Pairs of Elements, I7 

Case I. A body may be moved in such a manner that every 
point of it is constrained to describe a straight line, and that all 
such straight lines are parallel to each other. 

To effect this in the most simple manner we require a pair of 
elements, viz. a sliding bar and an enveloping guide. Let the 
sliding bar be rectangular in section, as ./ 

AB in the diagram, and have four plane 

faces. Also let it be enclosed in an a f \ \ b 

enveloping block, with like internal 0. , ) ) ) . ) 

plane surfaces, such as CD. The bar ^ — 

and the block may be conveniently 

made of cast iron, the latter bemg formed in two parts, and the 
surfaces being prepared by the operation of scraping. It is clear 
that the prism can only move in the direction of its axis, and that 
the motion of AB is one of simple translation, each point in the 
solid describing a straight line in the same direction. Also it is 
essential to have a pair of elements in order to provide that the 
motion shall take place in one direction only. 

Case II. The body may be constrained to move in such a 
manner that any point in it describes a plane curve. Here, again, 
we may begin with a simple case, and suppose that the body is a 
pulley or wheel having a fixed axis on which it turns, and that any 
point in the rotating body describes a circle. 

Note. — The term axis denotes the central line of a cylinder, 
and is a mathematical phrase : an engineer distinguishes a heavy 
cylindrical piece of metal as shaftings or a shafts and designates 
smaller cylindrical bars as spindles ; a wheelwright speaks of the 
axle of a wheel, and a watchmaker calls the same thing an arbor. 

To obtain one motion of the second case a pair of elements is 
again necessary ; there is (i) the axle of the pulley or wheel, (2) 
the bearing or block in which the axle rotates. 

The axle of a wheel is commonly a cylindrical bar running 
completely through the wheel, and supported at both ends on 
cylindrical hollow bearings which fit the shaft and envelope it 
closely, any motion endways being prevented by collars or shoulders 
upon the shaft. 

The drawing shows the poppet head of a lathe *, the s^e.ed 
pulley yfhich takes the driving cord is shown m ^^c\!isy5\^ ^xA \^ 

c 
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steps, the spindle or mandrel which supports the 
pulley being coned at one end 
in a steel point, and restii^ 
on a parallel bearing with a 
shoulder at the other extremity. 
A small hole is truly drilled in 
the direction of the axis of the \ 
mandrel, to receive the point 
of the cone, and to preserve 
the truth of the geometrical 
axis as the point wears. The | 
two supports form essentially one bearing, for it is apparent that 
a single cylindrical bearing, Lf sufficiently lengthened, would answer 
the purpose so far as rotation is concerned. 

Art. 15. — In ordertoapply measurement to movements of rota- 
tion it is necessary to introduce a new method of estimating velocity. ,1 
Thus let a plane circular disc rotate upon j 
an axis passing through its centre C and \ 
perpendicular to its plane, and let the 1 
radius CA come into the position CP at j 
the end of a given interval of time. ; 

Taking CA as a fixed line of reference, 1 
the rate of change of the angle PCA is ' 
called the angular velocity of the disc I 

Angular velocity, when uniform, is 
measured by the angle described in a unit of time. The unit of 
time is always one second, unless the contrary be expressed. 

Thus, if PCA be the angle described by CP in one second, 
the angular velocity of CP is expressed by the angle PCA. 

This angle is not estimated in degrees, but in circular measure J 
— that is, by the ratio of AP to AC— and it has been customary , 
to designate it by the Greek letter u 

«■=„,.= ,.. _ AP _ 




Let r be the radius of the circle APC, v the linear velocity of 
the point P, 

then i' = AP, u = 4^=5'. 
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which is the equation connecting the uniform linear velocity of the 
point P with the angular velocity of the disc or rotating body. 
It follows that when a body is rotating uniformly, the linear velo- 
city of any point of it increases directly as the distance from the 
axis of rotation. 

Ex, I. A wheel 6 feet in diameter turns uniformly on its centre 
20 times in a minute : what is the linear velocity of a point in its 
circumference ? 

We shall now apply the notation of foot-seconds, which are 
written f s. for brevity. 

Here the angular velocity = ^^ = —^ 

60 ^ 3 

and the linear velocity of a point at a distance of 3 feet from the 
centre of rotation 

= — X 3 foot-seconds. 
3 

= 27r £s. 

Ex, 2. How far from the centre will a point lie which is 
moving at the rate of one mile per hour ? 

The linear velocity of this point = — ^-^ %- £s. 

^ 60 X 60 

The angular velocity of this point = — 

.*. required distance = '^^^^^ x -^ feet, 

60 X 60 2Jr 

= — = J- feet nearly. 
lOTT 10 

Art. 16. — Again, if be the angle described by CP in / 
seconds, we have = w/, or w = -. 

If the angular velocity be variable, it may be proved by reason- 
ing precisely similar to that adopted in Art 3, that the angular 
velocity w is given by the equation 

that is to say, 3- represents the angular velocity of a tota.t.vR% 

dt 

body when the motion is variable. 

c2 
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Art. 17. — Of two moving pieces that which transmits motion 
is termed the driver, and tliat which receives it is ^^ follower. 

Conceive that the driver and follower have each a simple 
motion, cither of translation or rotation ; then the ratio of their 
comparative velocities is called the velocity ratio between them. 

Akt. 18, — It will now Ijecome necessary to consider the manner 
in which a motion of rotation of a solid body may be transferred 
from one axis to another, and it is apparent that the most simple 
ca»e occurs when a circular disc or plate moves another in its own 
plane by rolling contact. 

In such a case the uniform motion of the axis A conve>-s a 
perfectly even and uniform 
motion to the other axis B. 

If A and B were circular 
plates with flat edges, and very 
accurately adjusted, it would 
be quite possible for A to 
move B by friction alone, the 
two plates rolling smoothly and 
evenly upon each other with- 
out any slipping of the surfaces in contact ; but we could not 
expect A to overcome any great resistance to motion in B ; or, in 
Other words, we could not in practice convey any considerable 
amount of force by the action of one disc upon the other. 

The transmission of energy being an essential condition in 
machinery, the discs A and B are provided with teeth, as in the 
annexed figure, and the 
''"'■ "■ _ mechanist endeavours so 

to form and shape the 
teeth that the motion shall 
be exactly the same as if 
one circle rolled upon 
another. 

Herein consists the 
perfection of wheelwork : 
a perfectly uniform motion 
of the axis A is to be con- , 
yeyed by means of teeth to the axisB -, and \.\vft moUo-cv ol "B,-wb£n. II 





M 
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spur Wheels. , 21 

tested with microscopic accuracy, is to be no less even and uniform 
than that of A. 

Since, then, it appears that the motions of A and B are ejtactly 
the same as those of two circles 
rolling upon each other, such imagi- ^'°* *'• 

nary circles may always be conceived 
to exist, and are called the pitck 
circles of the wheels in question. 
They are represented by the dotted 
lines in fig. 21. 

The pitch circle of a toothed '' \ V_J f A^fc^ 
wheel is an important element, and 
determines its value in transmitting 
motion. 

Suppose that two axes at a distance of 10 inches are to be 
connected by wheelwork, and are required to revolve with veloci- 
ties in the proportion of 3 to 2. Two circles, centred upon the 
respective axes, and having radii 4 and 6 inches, would, by rolling 
contact, move with the desired relative velocity, and would, in 
fact, be the pitch circles of the wheels when made. So that what- 
ever may be the forms of the teeth upon the wheels to be con- 
structed, the pitch circles are determined beforehand, and must 
have the proportion already stated. 

It appears also that when the number of teeth upon a wheel 
is indefinitely increased, the wheel itself degenerates into the 
pitch circle. 

So much of the tooth as lies within the pitch circle is called 
its root orflank^ and the portion beyond the pitch circle is called 
the point or addendunix 

The pitch of a tooth is the space ac upon the pitch circle cut 
off by the corresponding edges of two consecutive teeth. 

Spur wheels are represented in fig. 20, and are those in which 
the teeth project radially along the circumference. 

In deface wheels cogs or pins, acting as teeth, are fastened per- 
pendicularly to the plane of the wheel ; in a crown wheel the 
teeth are cut upon the edge of a circular band ; and annular 
wheels have the teeth formed upon the inside oi ^xv ^Tvx\\i\v\^ ^-^ 
ring, instead of upon the outer circumfeience. 
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A straight bar provided with teeth is called a rack, and a wheel 
with a small number of teeth is termed ^pinioti. 

Gearing and gear are the words used to indicate the combina- 
tion of any number of parts in a machine which are employed for 
a common object 

Toothed wheels are said to be in gear when they are capable 
of moving each other, and out of gear vihiza they are shifted into 
3. position where the teeth cease to acL 

Art. 19. — The spur wheels, before described, are suited to con- 
vey motion only between parallel axes ; it often happens, however, 
that the axes concerned in any movement are not parallel, and as 




a consequence they may, or may not, meet in a point If the 
■s do not intersect we proceed by successive steps, and con- 
tinually introduce intermediate intersecting a\es, and thus we are 
led to the use of inclined wheels whose axes meet each other, and 
which are known as bez'el wheels. 

It is easily proved in geometry that two right cones which 
have a common vertex will roll upon each other, and the same 
would be true of the frusta of two cones such as LM and NR, 
which are represented as having a common vertex in the point O. 
The rolling of the cones will allow us to consider any pair of 
circles in contact and perpendicular to the respective axes as the 
pitch circles of the frusta, and teeth may accordingly be shaped 
upon them so as to produce the same even motion as that which 
exists in the case of spur wheels. 

•a fact about the rolling of two cones \ie^':.0'mes vevj Ae.'si 
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when enquired into, and it is evident that if one of the cones be 
flattened out into a plane table, by increasing its vertical angle up 
to 1 80°, the property of rolling will not be interfered with. But 
in that case the common vertex will be a fixed point in the table, 
and, accordingly, if we roll a cone upon a table, the vertex ought 
not to move in the least degree as the cone runs round. 

It is quite easy to test the matter in this way, and if the table 
be smooth and level the apex will remain perfectly stationary, 
although the cone itself is free to run in any direction. 

The principle under discussion is sometimes applied in the 
construction of machinery ; there is a large circular saw in the 
arsenal at Woolwich which is driven by the rolling contact of the 
frusta of two cones, and upon examination it will be found that 
the directions of the axes of the two frusta meet exactly in the 
centre of the revolving circular saw. 

Equal bevel wheels whose axes are at right angles are termed 
milre wheels. 

Art. 20. — Prop. When two circles roll together, their uniform 
angular velocities are inversely as the radii of the circles. 

This proposition is exactly analogous to that which obtains 
when a point describing the circumference of one circle passes off 
into another circle of different diameter, and the proof is the same. 

Let the circles centred at A and B move by rolling through 
the corresponding angles PAD 
and QBD. ^'°- '3- 

Let AD=flj"l PAD=01 
BD=^ J QBD=^ J 
then PD=flf6l, QD=% 
but PD=QD 

9 a 

But the angular velocities of the circles, being uniform, are as 
the angles described by each of them in the same given time, 

angular vel. of A__^___BD 
angular veL of B^^^AD ' 
which proves the proposition. 




• • 
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Art. 21. — ^Two simple questions relating to the transfer of 
motion by wheelwork remain to be determined 

I. Let two axes be parallel, and let - be the velocity ratio to 

n 

be communicated between them. 

If a be the distance between the axes, and r, r' be the radii 

of the two pitch circles A^ and B, 

the condition of rolling gives us -^=— =1?— ^L_«. 

r' m veL of A 



Also r-\-f^=a^ 



na 



, rm 
, — 5. 



m-\-ti 



and r' = 



ma 
m-\-n 



whence r and f' are known in terms of m, n, and a. 

2. Let the axes meet in a point, and let it be required to con- 
struct two cones which shall communicate the same velocity ratio^ 

by rolling contact. 

We now refer to fig. 24, and assume 
that DN, DM are the radii of the 
bases of the cones LCD, HCD, whose 
angular velocities are as the numbers m 
and n respectively. 



Fig. 24. 




Let MCN=a, NCD=0, 
then DN-=^CDsinO, 

DM=OD sin (a -6) ; 
. DM_sin(a-0) 



PN 



'T^ 



DN 



sm y 



But — — :=^, since the inverse ratio of the radii of the bases 
DN n 

of the cones is the velocity ratio between the axes, 

.•.^="'"("-^)=sin a cot -fl-COS a, 

n sm tf 

, .a n sin a 

whence tan = . 

m + n cos a 

If ^ be an angle such that n cos a=m cos </>, {m>n\ 
we have tan Q = 



n sm o 



n sm a 



m(\ -V cos ^) 



im covi- 
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Fig. 25. 



whence % is expressed in a form adapted for logarithmic compu- 
tation. 

Cor, If 0=90. we have tan 0=—. 

Art. 22. — Belts or straps^ otherwise called bandsy are much 
used in machinery, in order to communicate motion 
between two axes at a distance from qach other. 
In this case an endless band is stretched over the 
circumference of a disc or pulley upon each axis, 
and the motion is the same as if the discs rolled 
directly upon each other. The usual form of the 
pulley is shown in fig. 25. 

It is a common practice to convey steam power 
by means of shafting and wheelwork to the various 
floors of a mill, and then to distribute it to the 
separate machines by the aid of straps or belts. 

These straps adhere by friction to the surfaces of pulleys, and 
work with a smooth and noiseless action ; but they are subject to 
two principal objections, which may or may not be counterbalanced 
by their other advantages. The friction of the axes upon their 
bearings is increased by the double pull of the strap, arising from 
its tension, and there is a liability to some change in the exact- 
ness of the transmission of motion by the possible stretching or 
slipping of the band. 

The drawing shows the method of communicating motion 
from one axis to another at a distance. The diameters of the 
large and small pulleys A and B are respectively as 3 to i, and 




Fig. 26. 





the result is that when A makes 40 revolutions B makes 120 revo- 
lutions. The velocity ratio is precisely the same as if A moved B 
hy rolling contact 
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The strap may be open or crossed. In the former case A and] 
rotate in the same direction, and in the latter case they rotate in 
opposite directions, as indicated by the arrows. 

Aht. 23. --The term band is applied either to a flat strap or a 
round cord indifferently. The best material for round bands, such 
as are used in light machinery, is no doubt catgut, and then the 
band is fitted with a hook and eye to make it continuous. It 
must work in a pulley with a grooved rim, or it would slip offl 
and this groove prevents our shifting it easily from one pulley 10 
another. The power of readily shifting a driving band is often 
an indispensable condition, and can be obtained at once by the 
use of a flat belt, which will hold on to its pulley with perfect 
security if we only take care to make the rim slightly convex, as 
shown in fig. 25, instead of being concave. No groove is neces- 
sary, or indeed admissible ; and, upon entering a workshop where 
steam power is employed, we see each machine driven by a flat 
bek riding upon one of a set of two or more pulleys with perfectly 
smooth edges. 

The belt has no tendency to slip off, and it is shifted with 
the greatest ease from one pulley to another when pressed a little 
upon the advancing side by a fork suitably placed. 

The reason for making the rim of a pulley slightly convex will 
be apparent if we examine the case of a tight belt running upon a 
revolving conical pulley. The belt 
Bia 37. ^ embraces the cone, and tends to lie flat 

upon the slant surface, thus becoming 
bent into the form AB, the portion B 
being somewhat nearer to the base of 
the cone than the portion A, 

The cone, during its revolution, 

exerts an effort to carry B onward in a 

circle parallel to its base, and the con- ' 

that the belt tends to remain upon the slant surface 

and to rise higher rather than to slip offl 

lanner, if a second cone of equal size were fastened 

shown in the drawing, the bases 0/ the two cones beiqg 




sequence 

of the cor 

In liki 

to the one 



together, the belt would, if its length were properly ad- 
oik its way up to the patl wVete ftie \i3aes> -kiW, :»s& 



Pulleys. 



^7 



mid ride securely upon the angular portion formed by their 
ictlon ; but this is the same case as that of a slightly convex 
alley, for it is evident that a little rounding ofT of the angle at 
e junction of the bases would convert this portion of the double 

; into a convex pulley. Thus the action becomes perfectly i 
telligible. 

Art, 24- — The Jast and loose pulleys are an adjunct of the I 
feidng belt They consist of two pulleys placed side by side, ; 
i, whereof one, A, is keyed to the 
, CD, to which motion is to be con- 
red, and the other, B, rides loose upon 
When the strap is shifted from the loose 
& the listened pulley the shaft will begin to 
tate, otherwise it remains at rest, the loose 
dley alone turning round. 
The shaft EF is the driver, and carries 
e broad pulley keyed upon it. 
The band is shifted by a fork, which, as 
^ore stated, is made to press laterally upon 
S advancing side. 

The advancing portion of the band must 
1 the plane of the pulley round 
■diich it is wrapped, but the retreating portion may be pulled on 
^e side without causing the band to leave the pulley. This rule J 
applies whether the band is round or flat. | 

ii Art. 25. — It is by observing this condition that a band may I 
be used to communicate motion between two axes which are not I 
gRrallel, and which do not meet in a point. I 

t Problems such as these are interesting, as presenting difKcul- I 
to be overcome by a knowledge of principles. I 

Suppose that we are required to arrange that a band working •■ 
r a pulley upon one given axis shall drive another pulley upon I 
tot axis at right angles to the first. I 

\ Here we intend that the pulleys should be placed one above I 
Bie other as in the sketch. As the band goes round we have to 1 
|novide that its advancing portion shall always lie in the plane of I 
Hie pulley upon which it works. The easiest wa.-^ rf ■^^tiCR.t&wj, 1 
»ft3 draw a. straight line, AB, upon paper, and Vo -^te ctO^ 
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EF and DC representing the pulleys in contact with AB upon each 
side of it. 

Draw now the lines ED, CF, to represent bands passing round 
the circles, and however you may bend the two planes containing 





the pulleys by folding the paper about AB as an edge, it is clear 
that the advancing portion of the strap will continue to lie in the 
plane of its pulley so long as the motion occurs in the direction 
of the arrows. 

Reverse the motion, and the strap will leave the pulleys at 
once. 

Art. 26. — It may be useful here to enquire how the necessary 
size or strength of the strap is ascertained when energy is trans- 
mitted, and we take the following example : — 

Suppose that a force capable of doing work which is techift 
cally estimated at 5 horse-power is to be carried on by a strap 
moving with a velocity of 600 feet per minute over a suitable 
pulley. The work done by 5 horses is 5 x 33000 foot pounds 
per minute, and the work done by the strap must be the same. 

Let P be the pull upon the strap in pounds, then P x 600 is 
iAe work done by the strap in one mmule. 
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/. P X 600 = 5 X 33000, 

; ...p=l_^^ = S X55 = 27slbs. 

o 

If the velocity of a point in the strap had been reduced to 300 
feet per minute, P would have been 550 lbs. ; if it had been in- 
creased to 3,000 feet per minute, P would have been 55 lbs. ; and 
thus we recognise the well-known mechanical principle, that the 
slower the movement by which any given amount of energy is 
- ■ transmitted, the greater must be the strength with which the 
moving parts are constructed. 

In carrying out this principle successful attempts have recently 
been made to transmit the driving power of turbines or water- 
wheels to considerable distances, by means of a slender wire rope 
moving at a high velocity, and the method is called the telodynamic 
transmission of power. 

The first experiment was made in 1850 by Mr. C. F. Him, at 
Loyelbach, near Colmar, Alsace. A band of steel 172 yards long, 
-^^ inch thick, and 2 inches broad was slung as an endless band 
over two pulleys, each 6^ feet in diameter, which were placed at 
a distance of 84 yards, and made 120 revolutions per minute, 
giving a speed of 28 miles per hour in the band. 

There were practical objections to the use of a flat band ; 
nevertheless the plan was successfully adopted for a year and a 
half; and transmitted 12 horse-power to 100 looms. 

Since that time the flat rope has been replaced by a round rope 
made of steel wire. 

It may be interesting to refer to some operations carried on at 
Schaff'hausen, on the Upper Rhine. Here the water-power is taken 
from three ordinary vertical-flow turbines, each 9^ feet in dia- 
meter, and driven by a fall of water varying from 12 to 16 feet. 
Each turbine makes about 48 revolutions per minute, and the 
whole can develope collectively about 750 horse-power. 

The wire rope is | inch in diameter, made of the best Swedish 
iron, and having 72 wires in the rope. It starts by mnning upon 
pulleys driven by the turbines, and these pulleys are each 15 feet 
in diameter, and make 100 revolutions per minute, giving a linear 
velocity to the rope of about 53 miles per hour. No less than 17 
factories in different positions have been supp\\^d mXJcv \sssi\xs^ 
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power from one set of turbines, and it is stated that the total 
length of transmission is 3,300 feet 

For a more homely illustration we may mention the locomotive 
workshops of the London and North-Western Railway at Crew^ 
where a cotton rope gths of an inch in diameter, and weighing 
about i^ 07. per foot, has been carried along the length of 1 
workshop with a velocity of 5,000 feet per minute, and so em- 
pioyed for actuating a traversing crane which is adapted for lifting 
a weight of 25 tons. The velocity of 5,000 feet per minute would 
be reduced, by suitable mechanism, to that of i foot ■j\ inches 
per minute, and the requisite work would be done by subjecting 
the whole cord to no greater strain than that of 109 lbs. 

Art. 27. — Guide pulleys are sometimes used, and they are 
constructed as follows : — 

Conceive that a band moving in the direction of AB is to be 
diverted into another direction, CD. There are two cases to be 
considered. 

I. Let AE and CD meet in E. At the angle E place a small 
guide pulley whose plane is coincident with the plane AED. This 
pulley obeys the required condition, and will answer its purpose. 




2. If AB and CD do not meet, or do not meet within a 
reasonable distance : — 

Draw any straight line, EF, cutting both AE and CD. In the 
plane AEF, and at the angle E, place a guide pulley, E, and do 
the same thing at F by fixing a guide pulley in the plane EFD, and 
thus the strap will be cimed on 

One advantage m the use of guide pulleys will be found in the 
fact that they enable us to overcome the inconvenience of not 
beiji?able to reverse the motion when the planes of the pulleys 
med to each other. 




Guide Piilhys. 

Thus, conceive that two pulleys work in the planes ZAx, ZArf 
I inclined to each other at an angle xhy. In the line of the intep*^ 

n of the planes, viz., AZ, take 
[. any two convenient points, H and 
[ B, place one g;uide pulley at H in 
. the plane CHD, and another at B 
' in the plane EBF, then the band 
I CHDFBE will run round the two 
) iD^n pulleys securely in either 
f direction. 

This is evident, as we have done 
nothing to infringe the necessary 
condition, each advancing and re- 
itieating portion of the band will, 
in both cases, be found in the plane 
of the pulley upon which it rides. 

Instead of bands we may employ chains to communicate 
Ijnotion from one axis to another, and there is one instance where 
a chain is always so used, viz., in the transfer of the pull of the 
spring from the barrel to the fusee of a watch. Here the form of 

s the type of most others of the heaviest construction, con- ■ 
sisting of one flat plate or link riveted to two others, which are J 
placed one above and the other below it, and thus the chain con- ' 
-sists of one and two plate-links alternately. When a chain of this 
s used to transmit great force, it is called a gearing chain^ and 
the open spaces formed by the two parallel links engage with pro- 
jections on the wheel or disc over which it runs, rendering it 
impossible for the chain to slip. 

One practical objection to the use of chains, where great 
accuracy is required, consists in the fact that the links are liable 
to stretch, and that the pitch or spacing may lose its exactness,; | 
the result being to cause jar and vibration in the working. 

Art. 28. ^Instead of confining the motion of a body to simple I 
translation in a straight line, or to simple rotation about a fixed- 1 
axis, we shall now suppose that the body moves by shding along'l 
a plane, in such a manner that any straight line in it, as AB^ I 
■passes into the position A'B', which lies in the same ^lan.ewith.1 
AB, but is not parallel to it. 
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In such a case AE has a motion both of translation and rota- 
tiotL Its centre describes some line straight or curved, which 
indicates a motion of translation, and at the same time the line 
itself changes the direction in which it points, or is subject also 
to a motion of rotation. 

We shall now prove that the motion of AB may be repre- 
sented by supposing it to be rota- 
^"^- 3*- ting at each instant about some 

point 0, which point is continu- 
ally changing its position, and is 
therefore called the inslantmieous 
centre of motion. 

The curve which the instanta- 
neous centre describes is called 
the cmtrode, from two Greek 
words signifying ' the path of the- 
centre.' 
It will be understood that if the actual motion existing at the 
time considered were to be permanent, it would be a motion erf 
rotation about an axis through O, which is therefore called the 
instantaneous axis. 

In order to find the position of O, let the motion from AB 
to A'B' be iiifimtesimal, and join AA', BB . Bisect AA' in E, and 
draw EO perpendicular to it ; bisect also BB' in F, and draw FO 
perpendicular to it. O will mark the instantaneous axis concerned 
in the motion from AB to A'B'. 
Join OA, OA', OB, and OB'. 
Then since OA=OA', 0B=OB', and AB=A'B' 

.-. angle AOB = angle A'OB'. 
Take away the common angle A'OB and we have 

angle ADA' = angle BOB'. 
Therefore while A is rotating about O into the position A', the 
point B is also rotating about O into the position B', or O gives 
the position of the instantaneous axis. 

Art. 29. — In some simple cases, O is a fixed point, but it may 
still have the property of an instantaneous axis. This happens 
when a body is fixed to one end of a rotating arm, the centre of 
of the arm lying away from the bod's- 
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^ot example, let an arm placed horizontally be made to rotate 
about a vertical axis through one end, and let a wheel E be 
locked to the other end of the arm, in such a manner that its 
plane is horizontal. 

As the arm goes round, a person inspecting the apparatus from 
ift little distance will see the wheel B turning on its axis, and if he 
Matches a mark upon the rim, he can entertain no doubt about 
his &.ct. 

The truth is that although the wheel B does not move rela- 
tively to the arm, it is, nevertheless, the subject of two distinct 
motions, whereof one consists in a rotation about an axis through 
a centre, and the other is a motion of translation.^ whereby the 
centre of the wheel describes a circle whose radius is the distance 
between the centre of B and the axis of rotation of the 

This is an example of the resolution of a compound move-J 
nient into its simple elements, and the instantaneous a-xis ri 
permanently in the axis about which the arm rotates. 

If the wheel B were looked at from the centre about whid 
e arm revolves, no motion of rotation could be recognised. 
would appear to have a motion of translation which carried i 
round in a circle. 

The very same thing happens in the case of the r 
Ironomers tell us that only about one-half of the face of the mooi 
has ever been seen by those upon the earth's surface, and thej 
explain the fact by saying that the moon turns once upon il 
during the period of a single revolution in its orbit round t 
£arth ; or, in other words, that it moves as if it were fixed to % 
l^id bar stretching from the earth to the moon. 

Art. 30. — Cast III. If the motion of rotation of a body aboilj 
an axis be combined with a motion of translation of the a " 
in the line of its direction, any point in the body will describe if 
curve which cannot lie in one plane. 

Such a movement may be obtained from a single pair c 
elements, as in the example of a nut on a screwed bolt. 

After toothed wheels, the screw plays the roost important pat 
n mechanical appliances, and indeed it is difficult to over-estimattTl 
[ka value orutility. The screw bolt and nul ate \isei lo ■ows.e. -Cwt 
s parts of machinery in close and fiira ccnAaicX, ^afi wtt 
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^K fttVf^i fi>r thnt purpose ; then, again, the screw is e 

' k \^- Hlltic rest and in the planing machine lo give a 
\ lSNH(iH«liiuvl motion, the same purpose for which it aids 
lUhitnpr in measuring the last minute intervals which are 
tf ill ihe telescope. In the screw press we rely upon it 
,1 force, we use it in screw piles to obtain a firm founda- 
ffcw l^crs or lighthouses, and as a propeller for ships it has 
l^vva A Hcw eltment of strength and power to our na\7. 

'I'hc dclmitions relating to the screw are the following : — 
\i a horizontal line AP, which always passes through a fixed 
vertical line, be made to re- 
volve uniformly in one direc- 
tion, and at the same time to 
ascend or descend with a uni- 
form velocity, it will trace 
out a scrrw surface APRS, in 
the manner indicated in the 
sketch. 

The points of intersection 
of this generating line with 
any circular cylinder whose 
axis coincides with AB, will form a screw thread, PR, upon the 
surface of the cylinder. 

'Y\\e pitch of a scrav is the space along AB, through which the 
generating Une moves in completing one entire revolution. 

Also AB is called the length of the screw surface APRB, and 
the angle PRQ represents the angle of the screw. 

In the diagram, AP is shown as describing a rigkt-handed 
icrew , if it revolved in the opposite direction during its descent, 
it would describe a left-handed screw. 

Art. 31. — The screw thread used in machinery' is a project- 
ing rim of a certain definite form, running round the cylinder, and' 
obeying the same geometrical law as the ideal thread which we 
e just described. 
In practice the pitch of a screw bolt is usually estimated by 
aii^iv\n^ the number of ridges which occur in an inch of its 
e speak of a screw of ot\e*ei^hth of an inch pitch as 
!W with eight threads to vtve incK 
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If a single thread were wound evenly round a cylinder, and 
e path of a thread marked out, we should have a singk-ihreadtd 
screw ; whereas, if two parallel threads were wound on side by 
ride, we should obtain a doubh-threaded screw. 

The object of increasing the number of threads is to fill up the 
5pace which would be unoccupied if a fine thread of rapid pitch 
were traced upon a bolt, and thus to give the bolt greater strength 
ia resisting any strain which tends to strip away the thread. In- 
creasing the number of threads makes no difference in the pitch of 
w, which is dependent on any one continuous thread of 
the combination. 

The ordinary screw-propeller is a double-bladed screw, and 
has sometimes three or even four blades, which correspond to the 
multiple threads here spoken of 

Art. 33. — The two pnncipal forms of screw thread used by 
engineers are the square and the V thread , they are given in the , 
sketch, and in applymg them we should 
understand that there are three essential 
characters belonging to a screw thread, 
viz., Its/Z/ir/i, depth, axiA/orm and three 
principal conditions required in a screw 
when completed, wz., power, strength, and 
durability. 

is easy to see that no one can dc 
clare exactly what power strength or du 
lability is given by a screw thread of a 
certain pitch, depth, or form, when triced 
Under. The problem is indeterminate ar 
cannot lay down an) rule for determmmg tht diameter of a screw 
■bolt required for any given purpose, nor can we say what should 
be the precise form of thread 

It is the province of prictical men to determine any such 
questions when they irise, bcinc; guided in their judgment by 
■ experience and by certain general considerations which we propose 
now to examine. 

I. The power of a screwed bolt depends upon the pitch and 
Jorm of the thread. 

If the sciew-thiead were an ideal \ine tunmn^, toim^ ■*. i^^^to. 




t upon a given cy- 
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der, the power would depend solely on the pitch, according to th* 
relation given in all books on mechanics, viz. : — 
weight X pitch = power X l"'»">f™«= f 'he cirele described 
t by the end of the lever-handle. 

If the thread were square we should substitute for the ideal 
line a small strip of surface, being a portion of the screw surface 
shown in fig. 35, which would present a reaction P to the weight 
or pressure everywhere identical in direction with tliat which 
occurs in the case of the idea! thread. Hence, if there were no 
friction, we should lose nothing by the use of a square thread in 
the place of a line. 

A square -threaded screw is, therefore, the most powerful of all, 
and is employed commonly in screw presses. 

But if the thread were angular, the reaction Q which supports 
the weight or pressure would suffer a second deflection from the 
■ direction of the axis of the cylinder over and above that due to 
the pitch, by reason of the dipping of the surface of the angular 
thread, and we should be throwing away part of the force at our 
disposal in a useless tendency to burst the nut in which the screw 
works. 

In this sense, the square thread is more powerful than an 
angular or V thread of the same pitch. 

2. The strength depends on ths/orm and depth. 

This statement is obvious. In a square thread half the 
material is cut away, and the resistance to any stripping of the 
thread must be less than in the case of the angular ridges. 

Again, if we deepen the thread we lessen the cylinder from 
which the screw would be torn if it gave way, and thus a deep 
thread weakens a bolt 

3, Finally, the durability of a screw-thread depends chiefly 
Upon its depth, that is, upon the amount of bearing surface ; and 
in the case of a screw which is in constant use, as, for example, in 
the slide-rest of a lathe, it would be well for the young mechanic 
to satisfy himself upon this point by ascertaining the amount of 
bearing surface given by the fine deep thread which is found upon 
the screw working in the slide-rest of a well-made lathe. 

Probably the finest specimen of minute workmanship in 
screw-catting will be found in the screws pi:o\idci ^i^j 'Ni.i. Svaaoa 
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' fcr moving the cross wires or web across the field of ^ 
micromeler microscope. 

There are r5o threads to the inch, the diameter of the bolt 
being about ^th of an inch ; the head of the screw is a graduated 
circle read off to loo parts, and the movement of the wires pro- 
duced by turning the screw-head through the space of one 
graduation is quite apparent 

Upon examining the thread with a microscope, we should see 
a fine angular screw, consisting of a number of comparatively 
deep-cut ridges, having the sides a little inclined and the edges 
rounded off. 

In the year 184T, Sir J. Whitworth proposed a uniform system 
of screw threads for bolts and screws used in fitting up steam 
engines and other machinery. This system has been adopted, and 
has ^ven rise to the .so-called Whitworth thread, about which it 
is only necessary here to say that tables are published giving the 
pitches for screws with angular threads on bolts of given diameter, 
and further that the angle of inclination of the sides of the thread 
is constant, being 55", with one-SL\lh of tlie depth rounded off at 
the top and bottom. 

Art. 33. — A worm wheel is a wheel furnished with teeth set 
obliquely upon its rim, and so shaped as to be capable of engaging 
with the thread of a screw ; the revolu- pia. 37. 

tion of the endless screw or worm AB 
will then impart rotation to the wheel 
C, and the wheel will advance through 
one, two, or three teeth, upon each 
revolution of AB, according as tlie 
thread thereon traced is a single, 
double, or triple thread. 

This reduction of velocity ca'ises ■ 
the combination to be particularly 
valuable as a simple means of obtain- 
ing mechanical advantage, and, as we 
have stated, the number of threads 
upon the screw determines the number of teeth by which the 
wheel will advance during each revoluuon o^ Kfi. 
In the transmission, of force the scient \s aVfla^^ e 
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drive the wheel, and necessarily so, because the friction would 
prevent the possibility of driving the screw by means of the wheel, 
even if the toss of power were disregarded ; but in very light 
mechanism, where the friction is insensible, the wheel may drive 
the screw, and then the screw is frequently connected with a re- 
volving fly, and ser\'es to regulate the rate at which a train of 
wheels terminating in the worm wheel may run round 

Art, 34- — The annexed lecture diagram, taken from Sir J. 
Anderson's collection, shows an endless screw and worm wheel as 
applied in lifting heavy weights. 




The machine is called a lifting jack, and will exert considerable 
power through a space of a few inches. Sometimes an apparatus 
of this kind consists only of a screw enclosed in rigid casing, and 
rotated by a long handle, but the drawing shows a piece of me- 
chanism which is rendered more powerful by the introduction of 
a second screw and worm wheel between the lever handle and 
the weight raised- 
It will be seen that the casing encloses a vertical square- 
threaded lifting screw, having a head and claw marked SS. Upon 
'; j5t[ed a strong masM-ve nul m v\ie form ol a. viMvo. 
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illieel, one half of which is shown in either view of the apparatus, 
the remaining half being cut away in order that the disposition of 
•other working parts may be better understood 

The worm consists of an endless screw on a spindle terminat- 
ing at C, and rotated by a lever handle HH. It is apparent that 
the lever handle and worm drive the wonii wheel, and further that 
the rotation of the womi wheel or nut imparts a longitudinal 
motion to the lifting screw. 

In order that the apparatus may work, provision is made that 
the lifting screw shall not rotate, the nut in which it works is fixed 
in position in the casing, and can freely turn without shifting, 
.the result being that S rises or falls slowly as the handle rotates. 

An example, set out upon the diagram, and solved upon the 
principle of work, will give a better insight into the mechanical 
construction. The friction of the working parts is neglected in 
. order to obtain a simple numerical result. 

Let the pitch of the lifting screw be i '25 inches, 
let the worm wheel have 25 teeth, and 
let the circumference described by H be 87 5 inches. 
Then motion of handle after 16 turns=87-5 x 16 inches, 
=1400 inches, 
motion of screw at same time=i'zs inches, 
.•.motion of H is to motion of S as 1400 to 1-25, 
as 1120 to I. 
Let pressure on handle=2o lbs, 
.".weight raised by screw=2ox 1120 lbs. 
=22400 lbs. 

Art. 35. — In concluding this chapter we may mention that 
the doctrine of harmonic motion enables us to deduce the relation 
between two balancing forces when acting on the straight lever. 
This relation follows as a direct consequence of the principle of 
work. 

Let ACB be a straight lever whose fulcrum is C, and let the 
forces P and W acting perpendicularly to the lever at the points 
A and B balance each other. 

Let the lever be now tilted into the position aCi, a-ud dcaw 
(««? (fe^ perpendiculars on ACB. Then lV\e T:i3naoTi\c. TOaiNnti am 
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represents the displacement of A in direction of P, while nb re- 
presents the displacetnent of B in direction of W. 

Fig. jo. But '^^ forces P and W 

2 balance, and no work is done, 
therefore 

V _bn _Cb_Z^ 



W 



CA' 



which is the well-known condition of equilibrium. 

Art. 36. — Bell-crank levers serve to change the line of direc- 
tion of some small motion, and are of universal application. They 
' consist simply of two arms standing out from a fixed axis so as to 
form a bent lever. ' 

I. Suppose it to be required to construct a bell-crank lever so 
as to change the direction of some small motion from the line BD 
Pi^ ^ into the line DA, where BD and DA 

meet in a point D. 

Draw DC, dividing the angle at D 
into two parts whose sines are in ihe 
ratio of the velocities of the movements, 
in Che given directions. 

This may be done by setting up 
perpendiculars anywhere on BD and 
DA in the required ratio, and drawing 
straight lines through their extremities parallel to BD and DA re- 
spectively. These parallel lines will intersect somewhere in DC, 
and will determine that line. 

In DC take any convenient point C, and draw CA, CB, per- 
pendicular to DA and DB respectively, then ACB will be the belt- 
crank lever required. 

This is the construction, and it can be immediately verified, 
for the arcs described by the extremities A and B, when the lever 
ACB is shifted through a small angle n, will be represented by 
AC X a and CB x a respectively, and will measure the velocities 
of the points A and B. 

Hence ^ ^'o'^Jty of A _ AC x ^ _,AC^5i n CD A 
velocity of B CB X « CB sVn CDB" 
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Fig. 41. 



It is evident that the movements in DA and DB are very nearly 
rectilinear, and will become more so the further we remove C from 
the point D. 

Any play which may be necessary at the joints A and B, by 
reason that the ends of the levers really describe small circular 
arcs, may be easily provided for in the actual arrangement 

2. To change the direction from one line to another not inter- 
secting it. 

Draw PQ, a common perpendicular to the lines AD and BE ; 
through Q draw QH parallel to 
DA ; construct a bell-crank lever, 
acb^ for the movements as trans- 
-ferred to the lines BQ, QH; draw 
ce parallel to PQ and equal to it, 
and further make ed parallel and 
equal to cK 

The piece acedyr^ be the 
lever required; what has been 
done is this, a bell-crank lever 
a ch has been formed by the rule 

given above in order to transfer the motion from BE to QH, and 
then the motion in QH has been shifted into another line DA 
parallel to itself. 
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Art. 37- — In discussing Che nature of harmonic modal 
have necessarily been led to consider the most elementary fta 
apparatus for converting the circular motion of a j 

Fig, 4!. one plane into the reciprocating ma 

of a guided bar. 

The annexed sketch, taken : 
model belonging to the School of I 
shows an apparatus having 
fastened to a disc of wood, and ( 
of being rotated by a handle at the \ 
A horizontal slotted bar, EF, attacfaj 
right angles to a vertical guided bar, j 
completes the arrangement. Such a 
paratus has already been referred t<a,m 
it is apparent that the bar rises andfl 
with a true harmonic motion as the j 
P, moves round uniformly in a circle.'^ 
We pass on to analyse the conversion of circular into recip 
eating motion by means of the crank and connecting rod. 

A crank is merely a lever or bar movable about a centre at 
one end, and capable of being turned round by a force applied at 
the other end ; in this form it has been used from the earliest 
times as a handle to turn a wheel. When the crank is attached 
by a connecting rod to some reciprocating piece, it furnishes a 
comh'ination which is extremely useful in machinery. 

la the next chapter we shall see t\ia.l live c.iaTi\^a.wi cawnfeWKw^ 
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od is one of the principal contrivances for converting recipro-\ 
bating into circular motion ; the student will understand that any- J 
'Wich distinction as to the effect of the contrivance is one of class!- , 
ification only, regard being had to the direction in which the", 
'moving force travels. The arrangement is often used under both ^j 
Inspects in one and the same machine ; as in a marine engine, i 
^where the piston in the steam-cylinder actuates the paddle-shafl 
iby means of a crank and a connecting rod, and the motion is then I 
carried on, by a crank forged upon the same shaft, to the bucket - 
,or piston of the air-pump. 

It was in the year 1769 that James Watt published his in- 
vention of ' A Method of Lessening the Consumption of Steam , 
.and Fuel in Fire -Engines,' the main feature of which was the j 
condensation of the steam in a vessel distinct from the steam- 
cylinder. The steam-engine was at that time called a fire-engine, I 
and was used exclusively in pumping water out of mines. The, j 
steam piston and the pump rods were suspended by chains from > 
either end of a heavy beam centred upon an axis, the action of I 
_tbe steam caused a pull in one direction only, and the pump rods 1 
being raised by the agency of the steam were afterwards allowed ' 1 
to descend by their own weight. 

In this shape the steam-engine was entirely unfitted for acta- J 
lattng machinery, and it was not until after the impulse given by 1 
■"Watt's invention was beginning to be felt that it became apparent ] 
that the expansive force of steam could be made available as a 
, source of power in driving the machinery of mills. 

While Watt was occupied with the great problem of the con-' 
stmction of double-acting engines, which eventually he fully \ 
^olved, it happened that one James Pickard, of Birmingham, in 1 
^e year 1780, took out a patent for a 'new invented method of ■ 
yiplying steam or fire engines to the turning of wheels,' in which 
roposed to connect the great working beam of the engine 
a crank upon the shaft of a wheel by means of a spear or 
»nnecting rod, jointed at its extremities to the beam and crank J 
jectively, ■ 

It is probable that Watt had foreseen this application of the '^ 
ink as early as the year 1778, and had intended to w^'^V^ *>& 
s a means of carrying on the posveT tionv fct fpL^ "^it 
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the working beam to the fly-wheel. Being forestalled, howeveii 
the patentee, he did not dispute the invention, and contented 
himself with patenting certain other methods of obtaining a like 
result, among which will be found the sun and planet wheels de- 
scribed in a subsequent chapter. 

This latter invention served his purpose until the patent foi 
the crank had expired, and then it was that the arrangement which 
we are now about to discuss came into general use. 

The manner of employing the crank and connecting rod in ihe 




locomotive engine is shown in fig. 43. The crank CP is made a 
part of the driving wheel of the engine, the connecting rod PQ is 
attached to the end of the piston rod QR, and the end Q IS 
constrained to move in a horizontal line by means of the guides ; 
HK, LM. . 

In this engine the crank is the follower and not the driver, I 
but the combination is the same whether the circular motion of . 
CP causes the reciprocating motion of Q, or whether the recipro- ] 
cation of Q imparts a circular motion to CP. 

Art. 38. — We now pass on to discuss the primary fundamental 
piece of mechanism de- 
rived from a simple tri- 
angle. 

Since a triangle is an 
^ " immovable figure, and ' 

will not 'rack,' as mechanics express it, some provision must be 
"nade for varying the dimensions ol at \eas\ one ^lifc- 
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In our combination, the crank CP is of fixed length, as is also 
the connecting rod PQ, but the side CQ is of variable length. 

When CP performs complete revolutions, it is clear that Q 
will reciprocate in the line CQ. We shall presently see that the 
motion of Q is of an aggregate character, or that Q is the reci- 
pient of two distinct movements which are simultaneously im- 
pressed upon it. 

Art. 39. — ^To determine the relative positions of the crank 
and connecting rod during the motion. 

Fig. 45. 




Let CP be the crank centred at C, PQ the connecting rod^ and 
let the point Q be constrained to move in the straight line CED. 

Draw PN perpendicular to CD, and let CP=<a?, PQ=^, also 
let the angle PCQ=C, and PQC=Q. 

Then CQ = CN + NQ = a cos C+^ cos Q. 

Also '4^ =-^, .-. sin Q=^ sin C, 
sm C ^ o 



and cos 



^ / a^ sin 



sin^C 



.-. CQ = a cos C + 'Jb'^^d'' sin ^Q , 
which gives the position of Q for any value of C, that is, for any 
given position of the crank CP. 

Cor I.•.LetC = o^ /. CD ^a^h\ 

C = i8o^.\CE= -a-\-b\ 
whence DE = CD - CE = 2a 

The space DE is called the throuf of the crank. 
Cor 2. If the position of Q be estimated by its distance from 
D, we have 

DQ=CD^ CQ= aJrb—(a cos C+6 co^ Q) 
= /? Ci-cos C)-i-d (1— cos Ql). 



46 



Elements of Mechanism. 



Eut we have just shown that an expression such as o (i ■ 
represents the resolution of circular into reciprocating motion, s 
we infer that the motion of the point Q is compounded of d 
resolved parts of two circular motions, one being that due to ^ 
motion of P through an angle C in a circle round C, the oth 
that resulting from the motion of P in a circular arc through^ 
angle Q, and produced by the swinging of the rod PQ about o 
end Q as it moves to and fro. 

Hence the connecting rod introduces an inequality, which pre- j 
vents the motion of the point Q from retaining that evenness and I 
regularity of change which was found in the motion of the point | 
N (Art 7). We now see by analysis that this inequality, whereby 1 
the motion of Q differs from that of N, is equal to b (1 —cos Q). 

Ex. Let CP= 10 inches, PQ = 5 feet, as in the engine in 
fi& 43 j fi'id the position of the piston when the crank is vertical 



Here; 



^ PQ 60 



Vi 






■••-<2='/-S 

.•.DQ=«(i-cosC) + »(: 
= ,o + 6o(, -iv/Ji) 
= 10-1- '84 nearly, 
or Q is nearly six-sevenths of an inch in advance of the centre o( 
its path when the crank has made a quarter of a revolution from 
the hne CD. 

As the connecting rod is shortened the inequality increases, 
and the motion becomes more unequal. 

Take a very extreme case, where PQ=CP=a, 

.■.DQ-fl(i-cosC)-Hfl(i-cosQ). 

Let now C=6a°, then Q=6o°also, because the triangle CPQ 

is now isosceles, 

.".cos C=-=cos Q 

or ^''s moved through half its path, while CP has tu! 
Q angle of only 60° 



CPQ I 

J 
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WReii C=9o°, the point Q comes to C, and there the motion 
ends, for the crank CP can now go on rotating for ever without 
tending to move Q. 

Cor. 3. If the connecting rod could be prolonged until it be- 
came infinite, we should have PQ always parallel to itself, or 
Q = o, and in that case the travel of Q would be represented by 
the equation DQ=«(i— cos C). 

A crank with a connecting rod of infinite length is an imagi- 
nary creation, but we shall presently see that an equivalent motion 
may be obtained in various ways. 

Art. 40. — To determine the velocity ratio of P to Q : — 

Let V be the velocity of P, v the velocity of Q. From C 
draw a straight line at right angles to CQ, and let it meet QP 
produced in H (fig. 45). 

Then since PQ is a rigid rod, the resolved velocity of P along 
QP is equal to the resolved velocity of Q along QP. 

Let PCQ=C, PQC=Q, CPH=a. 

Then P may be taken to move in a tangent at P, and therefore 
its resolved velocity in PQ is V sin a, also the resolved velocity of 
Q in the same direction is v cos Q. 

Hence V sin a =2; cos Q, 

V sin a sin a CH 






V cosQ sinH CP' 

The same result may be obtained by analysis, for making 
PCQ=6, PQC=^, we have 

^T odd ' rJO , ahin cos 6 dS 

V=— — , v=asm6—-+ , —-. 

dt* dt s/ d^-ahin^d dt 

ixru ^ • fl 1 ^ sin cos 

Whence rv=sm 0-f , — =z: ~ 

V s/ ^2_^2sin20 

. n , ^ sin cos 

= sm 0-1 ; 

b cos ^ 

— cm fl (^ COS i\t-\-a cos 0) 

COS 

_.si n0xCQ 
PQ cos ^ 

_^ sin0 sin a sin a _CH 

"" cosif sin d^sin H"" CP * 
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Art. 41, — The relative velocities of P and Q may be set out 
in a diagram. 

Take CP : PQ:: i ; 4, which will give a figure of convenient 
dimensions, and let Q,j he two positions of the end of the con- 
necting rod. Produce QP, qp to meet the vertical diameter FCK 




in H and h respectively, the line BCD being horizontal Join 
CP, Ca and measure off OS = CH, and Qs=Q.k. Then, as 
before, 

_CH_ 



V CP CP' 



, and so for' all other values, 



In like manner, X^L2=C. 
' vel. of / C/' 

whereby the curve CSj will indicate the comparative velocities of 1 
the crank pin and of the end of the connecting rod during one ■ 
single stroke. Also, by a similar construction, the lower loop may 
be set out, preserving the proportion, 

Vel. of r: veLof R::Ci': CR, 
and making CT = C;'. 

If PQ were kept parallel to itself throughout the motion we 
should have in effect a crank with an infinite link, and the looped 
curve would become a circle described on the radius FC as a 
diameter, as in the case of the simple harmonic motion. The in- 
equality introduced by the obliquity of the connecting rod is thus 
rendered apparent by comparison of the distorted loop with the 
true circle. 

Ex. To compare the positions of Q when CP makes a given 
angle of x° with CA, CE respectiveVy. 
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Let D and E be the extreme positions of Q, then 

DQ=«(i— cos 0)+/5(i— cos 0) 
EQ=2a— DQ=«(i+cos 0)— ^(i— cos 0). 

Also, let 6 be the circular measure of x^^ then ^ can be found 
in terms of «, ^, and 0. 

Take the case of a direct acting engine, where ^ = i foot, 
^=: 6 feet, and let:x;=i. Calling Q,Q' the required positions 
of the end of the connecting rod, we have cos 0= '9998477, 
cos = -9999958, 

.•.DQ=-oooi77S feet, 
EQ'=-oooi27i feet. 

Art. 42. — The eccentric circle supplies a ready method of ob- 
taining the motion given by a crank and link, and we proceed to 
examine it with the intention of ascertaining by what expedients 
we are enabled to vary the lengths of the particular crank and link 
which exist in every form of the arrangement. 

And, first, we notice that the length of the crank is in every 
case equal to the distance between the centre of 
motion and the centre of the eccentric circle ; 
it is, in fact, the line CP in each of the annexed 
drawings. 

Let us consider the motion shown in fig. 47, 
-where a circular plate, movable about a centre 
of motion at C, imparts an oscillatory movement 
to a bar, QD, which is capable of sliding between 
guides in a vertical line, DQ, pointing towards 
C. Since PQ remains constant as the plate re- 
volves, it is evident that Q moves up and down 
in the line CD, just as if it were actuated by the 
crank, CP, and the connecting rod, PQ. The 
length of the connecting rod is in this case, 
therefore, equal to the radius of the rotating circle. It is obvious 
that an arrangement of this kind would be little used, by reason 
of the oblique thrust on the bar QD. 

A second form which, however, is of the greatest possible value^ 
is deducible at once from that last examined. 



Fig. 47. 



D 




£ 
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Instead of allowing the end of the bar, QD, to 



II 

rest diiec^n 



Fu a. 




U[iOii the circumference of the circle, suppose 
that bar to terminate in a half-hoop which fits 
the circle, as shown in the drawing ; let the rod 
point to the centre of the circle, and let one 
end, Q, be compelled to move in a line point- 
ing to C. As the circle revolves it is evident 
that we have a crank, CP, just as before ; but 
we have, in addition, a link which is now re- 
presented by PQ, and which may extend as far 
as we please beyond the limits of the circular. 
plate. 

We thus obtain a combination which is 
sometimes described as a mechanical equira- 
ient for the crank and connecting rod. 
The form usually adopted in practice is derived at once from 
the atranncment just described. A circular plate is completely 
encircled by a hoop, to which a bar is attached ; this bar always 
jiointB to P, the centre of the plate, and its extremity drives a pin, 
Q, which is constrained to move in the line CQ. 

The plate is movable about a centre of motion at C, and we 
have already explained that PQ remains constant during each re- 
volution of the plate, or that the resulting motion impressed upon 
Q (s that due to a crank, CP, and a link, PQ. 

As before, the Ihrow of the eccentric is the same as that of the 
crank, viz.. a space equal to the diameter of the circle whose 
radius is CP. 

We should remark that P, the centre of the plate, may be 
brought as near as we please to C, the centre of the shaft, and 
that the throw of the eccentric may be reduced accordingly ; but 
that we arc limited in the other direction, for the shaft must be 
kept within the boundary of the plate, and the plate itself must 
not be inconveniently large, considerations which are sufBcient 
. to prevent our increasing CP in any great degree. 

The eccentric circle may also be regarded as a simple form of 
cam (see Art 58), but we have examined it here on account of its 
being identical in principle with the ciarvk. aud connecting rod. 
The object of the complete hoop \a to iiwet^YtvAi-emaSfc 
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directions. In some cases Q is brought back by a spring, and 
then only half the hoop is required An instance occurs in modern 
forging machines, where the motion is very small and rapid. 

Art. 43. — Having thus explained the principle of construc- 
tion adopted in the eccentric, it remains fic. ,9. 
to show the contrivance as made and 
applied in an engine In the annexed 
diagram, which is taken from a small 
oscillating engine, the circle C repre- 
sents a section of the crank shaft, C , 
being its centre. Upon the shaft are 
fitted two circular half-pulleys of cast 
iron, which are bolted together, and 
have a centre at P. Two half-hoops of 
brass, tinted in the sketch, and united 
together by bolts and double nuts at E 
and H, carry the eccentric bar, which 
actuates a pin at B connected with the 
valve lever. The engine being designed 
for a river boat, and therefore requiring 
to be reversed at pleasure, there is a. 
strap, ab, to prevent the eccentric rod 
from falling away from the pin while 
the valve is being moved by hand. 
Also, in this case, the eccentric pulley 
rides loose upon the shaft within cer- 
tain limits defined by stops, and there is consequently a disc, D, 
forming a counterbalance to the weight of the pulley, which pre- 
vents it from falling out of position during the disengagement of 
the pin at B. 

Art. 44. — It will be understood that the crank and connect- 
ing rod labour under the disadvantage of entailing a division of 
the shaft whenever it is required to place the crank anywhere ex- 
cept at one end, for the connecting rod is continually traversing 
over the centre of the shaft. 

If, therefore, a crank is wanted in some intermediate portion 
of an axle or shaft, the axle must be cranked m t\\e TpLKMiW 'iV.cj*;'^ 
in tig- jci or be divided, and the two cranks o^ aim^ '«"'&.\ift. «i'^- 
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nected by a jiin. These rranks and the pin are freijuently foiled 
in one solid mass upon the shaft, and shaped afterwards by the i 
machinery of the workshop. 

The annexed sketch is taker from a lecture diagram in Sir J, 
Pip ^^_ Anderson's collection, and repre- 

sents a small vertical ermine suitable 
for driving light machinery. 

I'he steam cylinder is marked C, 
and H is the slide case, tlie piston 
rod being connected with the crank ■ 
pin by the connecting rod PR. The 
slide valve is worked by an eccentric, 
shown at E, and the eccentric rod 
attached to the valve spindle is 
marked ED. 

The great value of the eccentric 

arises from the circumstance that it 

enables us to derive the motion, 

which would be given b> i crank, 

f om an) ] art of a shaft without the 

necessity of subdividing it 1 his is 

partKularl) noticeable in the me 

g chamsm here set forth, where the 

crank of small throw which la re 

juired for moving the steam shde 

vahe IS furnished by the aid of an 

eccentric kejed upon the main 

shaft 

1 ecessan to explain that when a circle 

] cndicular to its plane, and a little out 

iveloped in all positions by a somewhat 

of the radius being equal to the eccen 




ievolves 

■X>i the centre it v 
, larger circle the 

tncity 

This fact has been applitd to t useful purpose in the prodm 

tion of gun stocks h\ ma I men as for example at the Si 

Arms Factory at Enfield The practice has been to form 
deaed steel block with cavities, shaped so as e-sact\^ to corcespoi 
"^ " cavities which it is intended lo carve ovu. oi iNvt 



^ 
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stock. The clearing out of the recesses is effected by revolving 
drills, making some 6,000 revolutions per minute, ^yhich are 
carried over the work, and are guided on the copying principle by 
a dumb tracer, which travels over every portion of the steel block. 
The tracer and the. rotating drill exactly correspond in size. For 
more delicate portions of the work smaller bits with corresponding 
tracers are employed, and thus the wood is carved out with the 
details of form which are to be found in the pattern. 

But now comes a difficulty. The tiacer and pattern are of 
hardened sted,. and each tracer has its corresponding bit or drill, 
which is an exact revolving counterpart thereof, so long as its 
cutting edges are not worn away. But when the drills wear by 
sharpening, and become smaller, the copy will be defective. 

In order to compensate for this source of error, the conical 
hole in the end of the running spindle into which the drills are 
fitted is made slightly eccentric. The 
drill is also eccentric on its shank to the ^*^- se- 

same amount. 

It is therefore possible to bring the 
axis of the drill itself exactly in the same 
line as the axis of the running spindle, 
in which case the drill will revolve in a 
Cylinder of its own size. Or the axis of 
the drill may be set on one side of the 
axis of the running spindle, in which case the drill will carv^e out 
a cylinder larger than itself. 

The end of the spindle and drill are graduated round the 
circumference, and thus the amount of eccentricity, and the con- 
sequent enlargement of the drill spindle, can be adjusted with the 
utmost nicety. 

In the drawing A represents the centre of the running spindle, 
B is the centre of the conical hole made therein, C is the centre 
of the drill spindle. When the drill is at work C describes a circle 
round A. But C can be shifted into any position round B as a 
centre, and therefore C can be brought either to coincide with A, 
or can be placed at any distance from A, lying between the limits 
zero and AC. Hence the result which has beeiv ^X.'aX^^, 

Art, 46, — There is yet another inetTaod oi art^xv^xv^Xicv^ ^^^<^xv- 
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ffif ntfXK, »hi>:6i 2et«s zs :be cccicizidic cc i cnadk with an 
in/ifii(^ link* 

f.v;,rfjfJiZsr^ ^AKe khZ be drrr^ bj i ^mzi izid coE^ectfor rod in 

sc'tk i r^: — er r^ir the cccrecnn^ rod 
. ---i- i.'^iT^ rrr-.i— TGjj^e. :o ir^Ir, a re- 

sile r Tzcz *::::i.i zzlj Lirpen in theory 
if the con::e::±i;; red were indefinitely 
Ier-2:her.ei 

Suppcwe the rrler i: Q to be replaced 
by a cr>» bar QR. siaiiding at right 
anzles to DC As ihe circle revolves, it 
will cause the h^ir :■? rerirrocate, CP will 
reaiain consLir.:. ar.d PQ will alwavs be 
a: rizht ar-^'es id RQ, a:id will therefore 
remain panlle! to CD in all positions. 

But this is the mouon of a crank with 
an innni:e linL 

If C were in the circumference of the circle, the motion would 
Ik' just the same, except that now the crank would be the radius 
of the eccentric circle. We shall presently notice a useful illus- 
tration of this particular case. (Art. 48.) 

Take the following as an example of the movement under dis- 
c jssion. 

In Sir J. Anderson's machine for compressing elongated rifle 
bullets, which was in use during the Crimean war, there are 
punches fixed at the two ends of a strong massive rod, to which a 
reciprocating motion in a horizontal line is imparted, and a piece of 
lead is compressed into the required form at each end alternately. 
The object of one part of the mechanism is to cause this rod 
to reciprocate, and the movement is obtained as follows. 

A small circle centred at C represents in section a shaft caused 
to rotate by the power of an engine. Upon this shaft a short 
cylindrical block is forged so as to form part of it, and is after- 
wards accurately turned into the form of a circular cylinder, whose 
tt'.is uasses through P upon one side of the original axis. 

^gulai brass block, RS, is boied om\. ^o fv\. vVve^ Vax^er 
slides in the rectangular iiame ^O, \.o ^\v\Ocv xJsNfc 




Examples of Harmonic Motmt. 

ica! pieces AB, DE, which cany the punches, are attached. 
"he whole is put together in the manner shown, and it requires 
rery little effort to understand that the rotation of the eccentric 
cylinder round an axis through C will impart to RS simultaneous 





movements in a horizontal and vertical direction, where 
■viz., that in a direction perpendicular to AE, will be inoperativi 
and the other will be communicated directly to FG, and si 
Tods carrying the punches. Thus AB and ED will be made td* 
oscillate in the guides indicated in the sketch. In this case, then, 
the eccentric circle, whose centre is at P, is caused to rotate about 
■the point C, and gives motion to the sides of the frame FG, just 
It moved the bar QR in the last article, and hence the resulting 
motion is that of a crank, CP, with an infinite link. 

The contrivance of the ratchet wheel at the right hand will be 
explained in a subsequent chapter. 

Art, 47. — The crank with an infinite link also appears undj 
^tbe guise of a swash-plate. 

Here a circular plate, EF (fig. 54), 
.obliquely upon an axis, AC, and by it 

;s a sliding bar, PQ, whose direction is 
-parallel to AC, to oscillate continually with an 
up and down movement, the friction between 
the end of the bar and the plate being reUeved 
tby a small roller. 

We must now try and ascenain what is th& 
' ifAfljA governs this motion, and we o^iseYvc t'tva.'L ^wica "^^ 
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remain* aiwayx parallel to AC, the actual path of Q, 

uptm an imaginary plane through the lowest position of Q, and 

jjerjfcmliculiir to AC, will be a circle. 

If this be so, it follows that the path of Q upon the plate 
itucJf will not he a circle, but an oval curve, and, as a matter of 
geotnetry, we can prove that the line CQ will vary in length as Q 
ri»«i or falls during the rotation of the plate, in the precise 
degree necexNary for the description of the curve known as an 
elltr»e. 

In fig, 55 let KQF represent the actual path of Q on the plate, 
and let the circle ERD be the projection of 
this path upon a plane perpendicular to the 
axis AC 

Draw QM perpendicular to EF, QR 
perpendicular to the plane ERD, and RN 
perpendicular to ED, which is the diameter 
of the circle ERD. 
Join MN, and guppose the jilate to rotate through an angle 
EAR = A, and thus to carry the roller at Q through a verticaJ 




ipace eijual t< 
Then 



RQ. 



RQ = MN = AC X 



EN 



= AC(i-cosA)i 



I 



or the motion is that of a crank AC with an infinite link. 

This is a curious result Hitherto, in the motion of a crank 
with an infinite link, the reciprocation has always taken place in 
a plane perpendicular to the axis of rotation, but here we get the 
very same movement in a plane which contains the axis instead of 
being perpendicular to it 

Art. 48. — It is sometimes required that the reciprocating mo- 
tion shall be intermittent, or have inten-als of rest. 

This motion may be provided for by placing a loop at the point 
where the eccentric bar engages the pitL It is evident that the 
?/f move when one end of the \qq^ xakea Ss. u-^ -, \i\&. "«>. 
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Fig. 56. 



doing this a blow is struck, which it may be well to avoid, and 
hence an intermittent motion has been obtained in a much better 
manner by a movement adapted for working the slide-valves of a 
steam-engine. 

We can readily see that if any portion of the plate in Art. 42 
be shaped in the form of a circle round C, 
such portion will have no power of moving 
the sliding bar. 

Let the pin P assume the form of a 
circular equilateral triangle, CAB, formed 
by three circular arcs, whose centres are 
in A, B, and C respectively, and let it be 
embraced by a rectangular frame attached 
to a sliding rod. 

As CAB revolves round the point C, 
the portion CB will raise the plate ; the 
pomt B will next come into action, and 
will raise the plate still higher ; the upper 
edge of the groove will then continue for 
a time upon the curved surface AB, which 
is a circular arc described about C as a 

centre, and here the motion will cease ; the plate will next begin 
to fall, will descend as it rose, an interval of rest will succeed, and 
thus we shall produce an intermittent movement, which may be 
analysed as follows : — 

Suppose the circle described by B to be divided into six equal 
parts, at the points numbered i, 2, 3, 4, 5, 6. 

Fig. 57. 






As B moves from i to 2, the frame lemams at x^^X. \ ^xo\sv 1 \.^ 
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3 the arc CB drives the frame, the centre of motion of the eccen- 
tr;c circle being now a point in its circumference, and the hori- ' 
zontal bar is driven as it would be by a crank CB with an infinite 

Fig. 58. 
4 





1 1 

link (sec Art. 46) ; from 3 to 4 the point B drives, and the motion 
is ngain tlint of a crank, CB, with an infinite link (see Art 46) \ i.e., 
the motion fn)ni 3 104 is the same as that from 2 to 3^ except that 
it is decreasing in velocity instead of increasing. 

{•'roni 4 to 5 there is rest, then an increase of motion from 5 to 
6, and finjilly a decrease to zero as B passes through the arc 6 to i 
and completes an entire revolution. 

A K r. 40. ( 'irtHilar may be converted into reciprocating motion 
by the aitl of escaf*e/nefits. 

An tst'apt'mcfit (X)nsists of a wheel fitted with teeth which are 
miule lo act upon iwo distinct pieces or pallets attached to a re- 
ciprocal inj( frame, and it is arranged that when one tooth escapes, 
or ce;isi's to drive a pallet, the other shall commence its action. 

One of the most simple forms is the following : — 

A sliding frame, AB, is furnished with two projecting pieces at 
C and 1 ), and within it is centred a wheel possessing three teeth, 
P, (i ami R, which tends always to turn in the direction indicated 
by the arrow. 

Fig. 59. 




The upper tooth, P, is represented as pTes?»\Tv^ vsc^otv the pro- 
je^^f'^r, n, ^^ J driving the frame to the n^\vt Yiaivd\ \?\vecv \^^ xa^i^ 
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P escapes, the action of Q commences upon the other side of the. 
irame, and the projection C is driven to the left hand Thus the 
rotation of the wheel causes a reciprocating movement in tKe 

. sliding piece, AB. . 

It is clear that the wheel must have i, 3, 5, or some odd num-J 

ber of teeth upon its circumference. ^ 

Art. 50. — The Crown Wheel escapement was invented for 
the earliest cloclc of which we possess any record. 

The form of the wheel is that of a circular band, with large 
saw-shaped teeth cut upon one edge ; the vibrating axis, AB, 
carries two flat pieces of steel, ^, ^, called Fig. 60. 

pallets, which project from the axis in 
directions at right angles to each other, 
and engage alternately with teeth upon 
the opposite sides of the wheel. In order 
to ensure that each pallet shall be struck 
in succession, either the wheel must have 
an odd number of teeth, or the axis of 
the pallets must be set a little out of the 
central line. Suppose the wheel to turn 
in the direction towards which the teeth 
incline, and let one of its teeth encoun- 
ter the pallet b and push it out of the 
way ; as soon as b escapes, a tooth on the 
opposite side meets the pallet a and 
tends to bring the axis AB back again : thus a reciprocating 
action is set up, which will be very rapid unless AB is provided 
with a heavy arm, CD, at right angles to itself Such an arm 
possesses inertia^ so that its motion cannot be suddenly checked 
and reversed, and a recoil action is set up in the wheel, which 
materially subtracts from the utility of the contrivance. For it 
will be seen that the vibration of CD cannot be made to cease 
suddenly, and that the wheel must of necessity give way and re- 
coil at the first instant of each engagement between a tooth and 
its corresponding pallet. 

The more heavily CD is loaded at a distance from the axis the 

* more slowly will the escapement work, and iVie gc^^Xet ^*^\b^ "^^ 
amount of the recoil 




6o 



Elejiunli of Muliamsm 



L 



Here we have an invention which has done good service % 
mankind. It was used in the first clock which was ever made, and I 
dealt out time through the step h) ^f p movement of the wheel with 
pointed teeth. This wheel, urged on by a weight, and hampered 
always by the vtbraling bar, whose pallets were perpetually getting 
into the way of its teeth, moved round with a slow, intermittent, 
and step-by-step movement, checked and advancing alternatelj^ 
but solving for mankind, in a clumsy though i-olerably accurate 
manner, the great problem of the mechanical measuremenl <rf 
time, and giving birth, by the idea suggested, to those marvellous 
pieces of mechanism which have finally resulted in the modem 
astronomical clock and the chronometer. 

Being, however, in some particulars, a defective or imperfect 
contrivance, it has gradually sunk from one level to another ; i 
has disappeared from clocks and from watches also, and is now 
seldom to be met with except in the homdy contrivance of the 
kitchen-jack for roasting meat 

Art. 51. — We purpose, before going further, to examine a 
little more particularly the mechanism of an escapement, so as to 
gain some idea of the refinements of its construction when ap- 
plied to the best made clocks or watches, and we will review very 
rapidly the elementary facts which are to be found in the books 
on mechanics. 

An imaginary or simple pendulum is a conception of mathema- 
ticians, and is defined as being a single particle of matter, P, sus- 
pended by a string, DP, without weight. 

Fig, 61- This particle may swing to and fro in a 

vertical plane under the action of the pull of 
the earth, and the oscillation of the pendulum 
is the whole movement which it makes in one 
direction before it begins to return, viz., ACB ■ 
The time of a small oscillation is the period 
of this movement, and is given by the for- 
mula : 




-Vfl. 



where ^ = lime of a swing h 
length of the sU'm^m l<iEA, g 



seconds, /= 
= "ill ^efc\. 
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Make /= i, and we have the length of a pendulum oscillating 
seconds, which is a little less than a mfetre, being equal to 39*14 
inches. 

The discovery of the so-called pendulum law was made by 
Galileo, who noticed that a lamp swinging by a chain ia the me- 
tropolitan church at Pisa made each movement in the same time, 
although gradually oscillating through smaller arcs while coming 
to rest 

For ordinary purposes the time of a swing may be supposed to 
depend only on the length of the pendulum, and not at all upon 
the arc through which it swings. It is practically very nearly the 
same for arcs up to 2 or 3 degrees on each side of the vertical, 
and it may be shown by calculation that the error introduced by 
assuming the law to be strictly true, in the case of a pendulum 
moving through an arc of 5 degrees from the vertical position, 
would only amount to sTyVo^^ P^t ^^ ^^^ ^^^^ o^ ^ swing. 

A seconds* pendulum in a well-made clock swings through 
about 2 degrees on each side of the vertical. 

The question now arises, how is the law of the swing of this 
imaginary pendulum to be applied in the regulation of clocks, and 
wherein does a solid heavy pendulum, which we must of necessity 
employ, resemble or differ from an ideal pendulum ? 

Conceive a straight uniform bar of iron to be suspended close' 
to one end upon small triangular wedges of hardened steel, 
technically called knife edges, which rest upon perfectly horizontal 
agate or steel planes, and then to be set swinging. It is evident 
that each particle of the bar will endeavour to observe the pen- 
dulum law stated above, and will tend to swing in different times. 
But all the particles must swing together, and the result is that a 
sort of compromise takes place between the different tendencies, 
and the whole bar swings as if its material were all collected into 
one dense point at a certain distance from the knife edge, w^hich 
is known as the centre of oscillation. Thus the solid pendulum 
swings as an ideal pendulum would do whose length w^as equal to 
the distance between the centres of suspension and oscillation. 

This is the theory of the rigid pendulum, which has been in- 
vestigated hy Huyghens, and by others after \v\m,^Tv^\v'as»\5A\,^ 
mmiy interesting experiments in applied mechame^. 
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Art, 52- — A method of showing roughly to a class the position 
of the centre of oscillation is the following : — 

The drawing represents a wooden sword, having a pin at C 
passed through its handle and resting in two small upright sup- 
ports, in such a manner that the sword can freely turn in a vertical 
plane about the point C. 



The sword is divided into two parts at B in the prop* 
shown, and there is a tightening screw at B, which may be^fl 
make it somewhat difficult to bend the sword out of shape, 
sword is then allowed to hang freely as a pendulum from C, anda 
ball suspended by a silk thread at C is swung by the side of it 
When the sword and the bullet swing together the position of the | 
centre of the bullet is marked at O upon the sword. 

The experiment can now be completed. An anvil, P, is placed 
under the sword as in the figure, the sword is raised, and is allowed ] 
to fall and strike upon P. It will bend as shown. If CP be 
greater than CO it will bend with its end upwards, whereas if CP 
be less than CO it will bend downwards, just as if CA were a thin 
wire carrying a weight, O, upon it. The whole weight of^the sword 1 
is for the purpose of tiie blow collected in the point 0, and if CP 
be equal to CO the sword will not bend at all. 1 

Art. 53. — The application of the pendulum in the manner in 
which it is now employed in clockwork forms an important branch 
of mechanism, and a great advance was made by Dr. Hooke, 
the contemporary of Newton, who devised the so-called Anchor 
Escapement. 

Looking at the contrivance without regard to its connecdon 
with a pendulum, we find in it a wheel with pointed teeth, which 
is centred at E, and tends always to turn in the direction Indi- 
cated by the arrow. 
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Fig. 63. 




A portion of this wheel is embraced by an anchor, A C B, 
centred at C, the extreme ends of which are formed into pallets, 
A m and B n ; these pallets 
may be flat or slightly convex, 
but they are subject to the 
condition that the perpendicu- 
lar to A »2 shall pass above C, 
and the perpendicular x.o^n 
shall pass between C and E. 
The point of a tooth is repre- 
sented as having escaped from 
the pallet B n after driving 
the anchor to the right hand; 
and the point ^, by pressing 
against A w, is supposed to 
have already pushed the an- 
chor a little to the left hand, 
and thus the wheel can only proceed by causing a vibratory motion 
in the anchor, A C B. 

If the escape wheel engaged only a light metal anchor, such as 
that shown in the drawing, the rapidity of the vibration set up, as 
above described, would be very great ; but in a clotk the object is 
to provide that the wheel shall advance by slow and regular steps, 
and the anchor is therefore controlled by the inertia of a com- 
paratively heavy swinging pendulum. 

There is one uniform method of connecting the anchor and 
the pendulum which can be seen in any clock. The pendulum, 
consisting often of a compound metal rod with a heavy bob, is 
swung by a, piece of flat steel spring, and vibrates in a vertical 
plane a little behind that in which the anchor oscillates. To the 
centre of the anchor is attached a light vertical rod, having the end 
bent into a horizontal position, and terminating in a fork which 
embraces the pendulum rod. It follows that the anchor and the 
pendulum swing together as one piece, although each has a sepa- 
rate point of suspension. 

The same recoil is experienced upon each swing of the pen- 
dulum as that which we noticed in the last article, and the con- 
tnvance is commonly known as the Recoil Escaptmtni. 
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Art. 54. — The exact character of the action which takes place 
between the pendulum of a clock and the scape wheel has been 
the subject of a long and interesting mathematical investigation, 
and before mentioning Che results which have been arrived at, we 
may state in general terms the nature of the problem. 

The going part of a clock consists of a train of wheels tending 
to move under the action of a weight or spring ; if the last whed 
of the train were left to itself, it would spin round with great ve- 
locity, and we should fail in obtaining any measure of time. 

The escajieraent is one part of a contrivance for regulating the 
velocity of the train of wheels, but the escapement alone is not 
sufficient ; we require further a vibrating body possessing inertia, 
the motion of which cannot be suddenly stopped or reversed. 

Such a body is found in the pendulum, and a very intricate 
mutual action exists between the pendulum and the scape wheel 
The function of the pendulum is to regulate and determine the 
^ periods and amount of onward motion in the scape wheel, whereas 
the office of the wheel is to impart such an impulse to the pendu- 
lum at eacli period of this onward movement as may serve to 
maintain its swing unimpaired, and may cause it to move with the 
same mathematical precision which would characterise the vibra- ' 
lions of a body swinging in vacuo, and uninfluenced by any dis- , 
turbing causes. 

It is remarkable that in the case of the ideal pendulum, where 
there is no artificial resistance and no friction, the movement is in 
theory perpetual. In the case of the rigid pendulum the friction 
at the point of suspension and the resistance of the air would gra- ' 
dually diminish the arc of swing, and the movement would slowly | 
subside and die away, although it might be many hours before it | 
became quite imperceptible. The mechanism of a clock must 
therefore so act upon the pendulum as to maintain its swing un- 
impaired by these resistances, and it should be borne in mind that 
the swing of the pendulum is identical with that of the anchor in 
the last-mentioned escapement, whence it follows that any impulse 
or check given to the anchor is felt at once as an impulse or check 
upon the pendulum. ' 

Refer now to the recoil escapement described in Art 53, and 
fnnreive that the escape wheel \s urged omvaiis "mvVe, &ieKi\M6. 
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Fig. 64. 




of the arrow by the force of the clock train, so as to press its teeth 
slightly against the pallets of the anchor, the pendulum being hung 
from its point of suspension by a thin strip of steel, and vibrating 
with the anchor in the manner already stated. 

Let the arc A E C D B be taken to repre- 
sent the arc of swing of the centre of the bob 
of the pendulum. 

As the pendulum moves from B to. E the 
point q of the escape wheel rests upon the oblique surface Km oi 
the pallet, and presses the pendulum onward until the point of the 
tooth escapes at the end of the pallet. For an instant the escape 
wheel is free, and tries to fly round, but a tooth is caught at once 
upon the opposite side by the oblique edge B n^ and the escape 
wheel then presses against the pendulum and tends to stop it, 
until finally the pendulum comes to rest at the point A, and com- 
mences the return swing. 

What now has been the action ? From B to E the force of 
the train as existing in the escape wheel has been acting with the 
pendulum and has performed its proper office in assisting to main- 
tain the swing ; whereas from E to A this force has acted against 
the pendulum. 

So also on the return swing, the escape wheel will act with the 
pendulum from A to D, and against it from D to B. 

The action then is alternately with and against the pendulum, 
and it might be supposed that the injurious effect of a pressure 
against the pendulum would be entirely corrected by the main- 
taining force in the other part of the swing ; but this is not the 
case. The pendulum no longer moves with what we may call its 
natural swing, as a free pendulum would oscillate, and any varia- 
tion in the maintaining force will disturb the rate of the clocL 

The matter has been carefully analysed by mathematicians, 
and they have shown that the principle of this escapement is radi- 
cally bad, because it is impossible to remedy entirely the harm which 
is done by continually interfering with the swing of the pendulum. 

There occurs also the useless expenditure of energy. It is 
almost superfluous to remark that no mechanical arrangement will 
ever bear a close scrutiny when it is so consltuc\.edL ^& \.o ^\cy« 
away work, 

F 
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Art. 55. — The dead heat escapement was invented by Graham, 
and at once removes this pnmary objection. It is, however, most 
worthy of note that the chinge in construction which abolishes 
the defects due to the recoil, and gives the astronomer an almost 
perfect clock, separates the combination entirely from its original 
conception, viz., that of an apparatus for converting circular into 
reciprocating motion. No such conversion can be effected by 
Graham's escapement 

The improvement is made clear by the sketch, and the student 
will observe that the pallet A has its lower edge in the form of a 




circular arc. Ay, whose centre is C, and again that the upper por- 
tion of the pallet B is also a circular arc struck about the same 
centre. The oblique surfaces qm, np complete the pallets. Take 
the case shown in the diagram, which is enlarged so as to make 
the action more apparent. As long as the tooth is resting on the 
circular portion nr of the pallet, the pendulum is free to mov^ 
and the escape wheel is locked. Hence in the portion EA, and 
back again through AE, there is no action against the pendulum 
except the very minute friction which takes place between the 
b of the escape wheel and the surface oi ftvt \.^\<A. "Vraoa'^ 
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a space ECD the point of the escape wheel is pressing against the 
oblique edge np and is urging the pendulum forward. 

Then at D the tooth upon the opposite side falls upon A^, and 
the escape wheel is locked ; from D to B, and back again to D, 
there is the same friction which acted through EA or AE ; whereas 
from D to E the point of a tooth presses upon qm and Urges the 
pendulum onward ; at E another tooth is locked upon the pallet , 
B/r, and thus the action is reproduced in the order in which it has 
been described. 

It follows that any action against the pendulum is eliminated, 
or, more correctly, is rendered as nearly as possible harmless, and 
the difference between the * recoil ' and the ' dead beat ' will be 
understood upon contrasting the three enlarged diagrams, which 
sufficiently explain themselves, the lower sketch referring to the 
recoil escapement. 

The term * dead beat ' has been applied because the seconds' 
hand which is fitted to the escape wheel stops so completely when 
the tooth falls upon the circular portion nn There is none of that 
recoil or subsequent trembling which occurs when a tooth falls 
upon ^n and is driven bacL 

The actual construction of the dead-beat escapement having 
been explained, it only remains for us to state two of the principal 
conclusions which foflow from a theoretical inquiry into the mo- 
tion of the pendulum. 

1. All action against the pendulum should be avoided, and if 
some such action be inevitable, it should at any rate be reduced 
to the smallest amount that is practicable. 

2. The maintaining force, should act as directly as possible, 
and the impulse should be given through an arc which is bisected 
by the middle point of the swing. 

That is, the arc of impulse DCE should be bisected at the 
lowest point C. 

This latter condition cannot be exactly fulfilled, because the 
point of the escape wheel must fall a little beyond the inclined 
slope of the pallet in order that it may be locked with certainty. 

Art. 56. — In a printing telegraph instnimervllVveT^co^ ^^c.'a;^^^- 
ment has been employed to control the lapidit^ oi tc^oX\o^\ \w -a. 
train of wheels, and the number of vibiaUons oi V\v^ ^x^cJasyt ^x^ 
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Ii[>)ircr:iaii;(] by listening to the musical note which it imparts to a 
yiljraiing Kpring. 

'Vhti anchor ACB (fig. 66) is centred at C, and vibrates rafudlj 
w the Hcajjc wheel E revolves ; a strip of metal, F, carries on the 
"Miillaljim to a atccl spring which gives the note, and the velodqr 
of the train can be regulated by an adjustable weight attached to 
the Npring. 

AK>iin, tliu fame escapement forms part of the mechanism of 
ixn Alarum clock, where a hammer is attached by a bar to the an- 
chor, unit hlowM are struck upon the bell of the clock in rapid suc- 
iKKAirn M the Hca[tG wheel runs round. 




Ak'i'. 57-— The teeth of the wheel in an anchor escapement 
arc «i unci i 111 es replaced by pins, in which case the form of the 
anchor may be so altered that the action shall take place upon one 
Hide of the wheel, as shown in fig. 67. 

Art, 58.— Circular may be converted into reciprocating mo- 
tion by the aid of cams. 

The term ' cam ' is applied to a curved plate or groove which 
communicates motion to another piece by the action of its curved 
edge. 

Such a plate is shown in fig. 68, and, as an illustration, we 
shall suppose that the portions ab, ca are any given curves, and 
that be is a portion of a circle described about the centre of 

■ to understand that as *e cam loVa-Vesva &«; fiaw.- 
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Fig. 68. 




tion of the arrow, the roller P at the end of the lever AP will be 

raised gradually by the curved 

portion ab^ will be held at rest 

while be passes underneath it, 

and, finally, will be allowed to fall 

by the action of ca. 

In this way a cam may be 
made to impart any required mo- 
tion, and may reproduce in ma- 
chinery those delicate and rapid 
movements which would otherwise demand the highest effort of 
skill from a practised workman. 

Art. 59. — The circular motion being uniform, the recipro- 
cating piece may also move uniformly, or its velocity may be varied 
at pleasure. 

I. Suppose that the reciprocating piece is a sliding bar, whose 
direction passes through the centre of motion of the cam-plate. 
Take C as this centre, let BP represent the 
sliding bar, and let A be the commencement 
of the curve of the cam-plate. 

The curve AP may be set out m the fol- 
lowing manner. 

With centre C and radius CA describe a 
circle, and let BP produced meet its circum- 
ference in the point R. 

Divide AR into a number of equal arcs 
Ka^ ab, bcy &c 

Join Quy C^, Gr, &c, and produce them 
to/, ^, r, &c, making apy bq^ cr, &c, respec- 
tively equal to the desired movements of BP p^ 
in the corresponding positions of the cam- ^ 
plate. The curve Kpqr . . . P will represent 
the curve required. 

This curve will often present in practice 
a very irregular shape, but in the particular 
case where the motion of PB is required 
to be uniform, it assumes a regular and well-krvown foica. 

Let CA=a, CP =: r, PCA = 6, and \el "BP mw^ m 's.xijecv ?l 
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manner that the linear velocity of P shall be coristantly 
that of the point A, in other words, let RP = m , RA. 
Now RP = r~a, and RA = aft 
:.r-a = m. ad, 
which is the equation to the spiral of Archimedes. 
2. We will next examine the case where the centre of n 
of the cam-plate lies upon one side of the direction of the sliding 
bar, and we shall find that the method of setting out the curve 
changes accordingly. 

Suppose that the direction of BP passes upon one side of the 
centre of motion C, draw CR perpendicular to BP produced, de- 
scribe a circle of radius CR, and conceive 
the motion to begin when A coincides with R. 
As a matter of theory such an evtreme 
: is possible, and we will imagine it to 
exist in order to obtain the equation whidi 
represents the complete curve. Practically, 
the cam would be more effective in straining 
the bar than in moving it when the point P 
was near to the point R. 

Divide AR into the equal intervals A a, 
ah, be, &c,, but now draw ap, bq, cr, &c, 
tangents to the circle, and equal in length 
respectively to the desired movements of BP 
during the corresponding periods of motion of the cam-plate. 

The curve A/*yr . . . P will be that required, and the analytical 
representation of it is the following : — 

F,c.,,. Let CP=/-, CA=n, ACP=0, PCR=*. 

, The curve AP is now of such a character 
that the linear velocity of A shall be con- 
stantly '" times that of P, or, in other words, 





RA = 



. RP. 



But RA = a(tJ + ?.), RP 
.'. a (if+Ti) = OTd . tan ^ 
Now cos 



= a tan ^, 



.', tan 4 



A = -.andtanA = . /^ — coa'^ 
r \ cos'p 
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whence + cos "^ - = niA /Z. — i. 

Cor. Let »^=i, or RA=RP, which would happen if AP were 
a stretched string unwound from the circle. The curve traced 
out by the end P of the string becomes in this case a well-known 
curve called the involute of the circle, and our equation takes the 
form 

+ cos-i - 



'r^V^' 



Fig. 72. 



which is the equation to the involute of a circle. 

Art. 60. — The heart wheel has been much used in machinery, 
and is formed by the union of two similar and equal cams of the 
character discussed in the first part of Art. 59. 

A curved plate, C, shaped like a heart, actuates a roller, P, 
which is placed at the end of a sliding bar, or which may be at- 
tached to a lever PAB, 
centred at some point 
A, and connected by a 
rod BD to the recipro- 
cating piece. The pe- 
culiar form of the cam 
allows it to perform 
complete revolutions, 
and to cause an alter- 
nate ascent or descent 
of the roller P with a 
velocity which may be made quite uniform. 

Since a cam of this kind will only drive in one direction, the 
follower must be pressed against the curve by the reverse action of 
a weight or spring. 

Art. 61. — In order to illustrate in a lecture the power of cams 
to produce any required movement, the late Professor Cowper ar- 
ranged a model which would write the letters R I, selected pro- 
bably as a compliment to the Royal Institution. 

The principle of this combination of cams will be readily under- 
stood if we remember that the successive movements of a point in 
directions parallel to two intersecting lines ^'v\\ sw^c.^ \a ^xNaJcJss. 
the point to take up any position in the pVan^ oi vYveKm^'s.. 
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The bars shown in the drawing have fixed centres at A and B, 
and it is apparent that if we were to remove the cam and fasten 
the joint R to the plane, we should be able to give P a vertical 
movement by the swing of the arms AE and RD. In the same 
way, if we fastened E to the plane and liberated R, the arm EF 
could swing about E, and P would then describe a small circular 
arc which would closely approach to a horizontal line. 




I 



Connect now the bars with the cam as in the sketch, and press 
the pointers at Q and R against the curves of the respective cams. 
Let these cams revolve slowly about a centre, C (marked as a 
round spot in the smaller cam-plate), in the direction shown by 
the arrow, and the required letters will be traced out by the pencil 
at P. 

In the figure the letter R has just been completed, and the 
pencil is about to trace out the lower tail of the letter 1. 

The two darkened lines in the cams are arcs of circles about 
the centre of motion where nothing is being done, the pencil re- 
maining at rest while the cam rotates through a small angle. 

This example shows us that a combination of two cam-plates 

actuating a simple framework of levers will give the command of 

any movement in a plane perpendicular to the ajtis of rotation. 

^ye shall presently see how to obtain a motion parallel to the same 

I ' " thus we can secure any required moNeme'cA.in ^-^iKje. 
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Art. 62. — In like manner two simultaneous rectilinear move- 
ments in lines at right angles to each other are obtained in a well- 
known form of sewing machine by the operation of grooved cams 
upon the face of a plate. 

The sketch is taken from a lecture diagram. 

r. The needle bar a, carrying the needle N, is constrained to 
move up and down in a vertical line between guides; it is driven 
iby the lever BDP, which has a centre of motion at D, and is con- 
nected by a roller P with the groove marked nn in the cam-plate. 
The centre of motion of this plate is at C, and is marked by a 
strong dot. 

If the groove were formed in a circle round C the needle 
would remain at rest, and it receives its required motion under the 
constraint of the cam. The dotted lines show the t 
tions of the lever during the motion. 

z. The shuttle S moves to and fro in the path or ' race ' be~^ 




It is actuated by rod SV passing between guides df and ter- 
minating in a pin V which runs in the groove m. As the cam-i 
plate rotates the pin V moves to and fro in a horizontal line, the^ 
extreme positions both of V and S being indicated by dotted lines- 
in the diagram, and thus the needle and shuttle operate together' 

the manner required. The direction of rotation of the 
plaie is marked hy an mrow. 

HT. 6j. — The movement of the needle in a stmu^ taaricao.^. 
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is sometinies obcainaj &ont a pecnltu faun of cam, of tbe type i 
die bean wheel described in An. 60. 

The pccaliarit>- consists in drhing the cam by a pin P, placed 
on the &ce of the circular plate. In the ordinaJ7 heart wheel the 
pin or roller, P, moves np and down while the heart-shaped {Mece 
rotates Bpon its centre; Here the heart-shaped piece moves up 
and down while the (Hn rotates. The result is that we find only 
Y^ ,^ the apes of the heart instead of the complete 

outline. The contrivance is well worth study- 
ing as an esample of the combination of move- 
ments. 

The drawing shows the needle bar AB, 
cirrying a needle at N, and guided by openings 
i 1 the fixed frames aa and// 

The bar b attached to the darkly-tinted 
heart-shaped piece connected with it at the boss 
marked C and the result is thai the heart and 
the needle bar move as one thing. The pin P 
is attached to the circiUar plate, which rotates 
about its centre of figure, and it Is clear that the 
needle bar is now nearly at rest in its lowest 
position, and will remain so until P gets round 
to the upper edge of the heart The bar will 
then rise, and continue to rise while P is appar- 
ently descending the sloping side into the posi- 
tion shown by the dotted hnes. The needle bar will then have 
reached its highest position, and will afterwards descend 

Art. 64.— In the striking part of a large clock the hammer 
may be raised by a cam, and may then be suffered to fell abruptly, 

^ , The figure represents the cam devised 

for the Westminster clock ; the hammer 
rises and falls with the lever, AC, and 
the cam is so formed that its action com- 
mences al the extremity of the lever, and 
never departs sensibly from the same 
point ; the cam, a6, is a circle whose centre 
is at thepointoflnteraection of the tangents 
to the rim oi the -fiVeeV a\. a. mA c. 
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Art. 65. — The lever punching machine is worked by a cam 
resembling that which we give as an example by Mr. Fletcher, of 
Manchester. The cam is here shown attached to the axis of the 
driving wheel, and the lever, which carries the punch in a slide 
connected with its shorter arm, is centred on the pin at E. 



Fig. 77. 




The curve of the cam is adapted to raising the longer arm of 
the lever bar in ^ of a revolution of the driving shaft, it allows the 
lever to fall in the next ^ of a revolution, and finally leaves the 
punch raised, as shown in the sketch, during the remaining \ of 
a revolution, thereby giving the workman an interval of time for 
adjusting the plate of iron before the next hole is punched. 

That this action occurs will be quite evident upon inspecting 
the form of the cam, and it will also be seen that the cam is pro- 
vided with a circular roller B, which determines the form of the 
driving surface while the work is being done, and which is merely 
an arrangement for lessening the friction just at the time when the 
greatest pressure is being exerted. 

Art. 66. — Cams are employed when it is required to effect a 
movement with extreme precision. Thus in a t\o^ oX^'^oVx^ Twa.- 
cAjhc of Mr, Applegath for printing newspapers, lYve s\v^^X. ol ^-oc^^x 
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used 10 start upon its journey to meet the type at a particular in- 
stant of time ; an error of one-twelfth of a second would cause 
the impression to deviate half a foot from its correct position, 
Fis ,8, and would throw two columns 

0." letter-press off the sheet 
of paper. The accuracy with 
which the sheet was delivered 
was therefore very remarkable, 
and was insured by the assist- 
ance of the cam represented 
in the diagram (fig. 78) 

As C revolves, the roller at 
B drops into the hollow of tlie 
plate, thereby determining the fall of the lever AB, and by ic the 
fall also of another roller which starts the paper upon its course 
to the printing cylinder. 

Art. 67. — Hitherto we have considered the cam to be a plane 
curve or groove, hut there is no such restriction as to its form in 
practice. Let us examine the following very simple case : — 






CD is a rectangle with a slit RS cut through it obliquely: 1 
P fixed to the sliding bar AB works in the slit. If the rectangle 
CD be moved in the direction RS, it will impart no motion to the 
bar AB ; but if it be moved in any other direction, the pin P will 
he pushed to the right or left, and a VoTigitodlwi movement will 
hf '•'^"'munkated to the bar AB (fig. 79"). 
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The contrivance here sketched is of frequent use in some form 
r other, and we may point out its application in the rifling bars 
sed at Woolwich in the manufacture of rifled guns. In work of 
lis kind, where the greatest accuracy is demanded, the bore of 
ie gun acts as a guide to the head of the rifling bar, and the 
utter does its work while the bar is being twisted and pulled out 
f the gun. It is essential, therefore, to keep the cutter within 
he head while the bar is being inserted pref)aratory to the removal 
f a strip of the metal, and to bring it out again at the end of the 
troke. 

In order to arrive at this result the bar is made hollow, and the 
ool-holder in the rifling head, shown in fig. 80, is made to move 
n and out laterally by means of a pin P working in an inclined 
lot, RS, in the internal feed rod. As the feed rod is pushed 
hrough a small definite space in either direction along the axis of 
he bar, the cutter will also move in or out in the direction of the 
lotted line AB. 

In discussing this motion there are two Fig. 81. 

:ases to consider. R 

1. Suppose that CD is moved at right 
ngles to AB. 

Draw RN perpendicular to AB. 

rr.. travel of CD RN 
Anen ; — - — rTr=r— 7- 

travel of AB PN 

=tan RPN. 

2. Let CD move in a direction inclined at any given angle to 
he direction of the groove RS. 

Draw RN in this direction, and we 
lave 

travel of CD _RN 
travel of AB NP 

_ sin RPN 
sin NRP' 
In other words, the velocity ratio of 
IT> to AB is expressed by the fraction 

in NRP' ^^^ ^^^^^ ^^^ ^*°^"^ ^^^ ^^^ ^^^^ ^^^ angles at R and 
*make up a right angle. 




Fig. 82. 
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Art. 68. — Next let CD be wrapped round a cylinder ; it mil 
form a screw-thread, and the revolution of the cylinder upon ia 
axis will be equiva- 
^ ' ' jj lent to a motion of 

:3 the rectangle at r^t 
angles to the bar, in 
the manner shown in 
the preceding ardcle. 
We shall have, therefore, by the arrangement in the figure, a 
continuous uniform rectilinear motion of the bar AB during the 
revolution of the cylinder upon which the screw thread is traced 

If the pitch of the screw be constant, the motion of PB will 
be uniform, and any change of velocity may be introduced hy a 
proper variation in the direction of the screw-thread. 

If the screw be changed into a circular ring, AB will not move 
at all. 

It is, then, a matter of indifference whether the cam be a 
groove traced ujran a flat plate or a spiral helix running round a 
cylinder. In the first case motion ensues when the groove departs 
from the circular form, and the distance from the centre varies j in 
the second case motion ensues the moment the groove deviates 
from the form of a ring, whose plane is perpendicular to the axis. 
As an illustration of a cam of the latter character, we may 
refer to the diagram, which shows a form very much used where 
a small motion of a lever is re- 
_^ (juired; the lever ACB is centred 

_^ f — ^ ~~i upon the point C, and will com- 

-iQJ !r^^_ mence to move as soon as ihc 

the end A reaches that 
I portion of the ring which departs 
from the circular form. 
A'ii/«.— This kind of cam has the property of giving a motion 
parallel to the axis upon which it is shaped. 

Art. 69.— As an example of two cam grooves in juxtaposiQon, 
one formed upon a flat plate and the other upon a cylinder, we 
may refer to a machine which was formerly used for shaping coni- 
ot/ bcac-vood plugs of the kind reqmred fot eit^an&n't a.n t\n<\- 
~ J into the grooves ofarVfte, 
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Bullets of this class have a hollow recess at the base, into which 
plug is fitted, and when the powder is fired the thin -sides of the 
ecess are forced into the grooves of the rifle by the action of the 
Jug. At the present time these plugs are made of compressed 
lay, but formerly they were cut from a rod of box-wood by ma- 
fa inery. 

The wood is first cut up into small square rods by means of 
ircular saws, and one of the wooden rods is fixed in a saddle, 
s shown at H in fig. 85. Our drawing is taken from a lecture 
liagram by Sir J. Andersoa 




The next operation is to bring a revolving cutter, which 
arves out the shape .of the plugi upon the end of the rod H. 
This is effected by the lever PCE, centred at C, and having the 
:nd E jointed to a spindle which carries the cutter at its opposite 
!nd, A driving pulley M is rotated at a high velocity by means 
>f a strap and pulley not shown in the drawing, and the longitu- 
linal movement to and fro of the spindle, with its cutter and 
iriving pulley, is effected by a grooved cam on the cylinder A, 
't mil be apparent that this cam ought to be, and, VR taj:X\E,,^Ka.\K&. 
reciseljr a/ier the fashion of the cam in fig. 8^ 
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As soon as the culter had been forced down so as to form 
end of the plug, it was withdrawn, and the final operation was to 
cut off the shaped piece. In the earlier machines a circular saw 
made a transverse movement, to cut off the plug, whereby the 
plugs and the chips were mixed together in the same heap, and 
Sir J". Anderson has stated that the labour for their separation cost 
more than for their manufacture. But soon it was arranged that the 
whole saddle HR carrj'ing the plug rod should be shifted bodily 
back through a small space against a circular saw S, whereby the 
plugs might be dropped into a separate box. 

The circular saw S is driven by a pulley N, and the trans- 
verse motion of HR is effected by the cam-plate B, which acts 
upon a roller at Q and connecting rod QT. The saddle HR is 
placed upon the top of a weighted rocking frame, and it is apparent 
that the cam B would give the transverse movement required. 

D is a driving spur wheel which gives motion to the cam shall 
There is also a contrivance which we do not explain for pushing 
the rod H forward by the lepgth of a plug at the end of each 
stroke. 

Art. 70. — We subjoin a further example, devised many years 
ago, in which a reciprocating movement is imparted to a fiisket 
frame in printing machinery, and it will be presently seen that 
the required result can be obtained in a much more simple 
manner. 

The use of a cam-plate allows of an interval of rest at each end 
of the motion, and enables the printer to obtain an impression, 
and to place a fresh sheet of paper upon the form. 

Here AH is the reciprocating frame attached to the combina' 
tion of levers GFEDCB by the link AB {fig. 86). 

At the end of the lever, FG, is a sliding pin which travels 
along the grooves in the fiat plate centred at O, and determines, by 
its position, the angular motion of the levers about the fixed centres 
at F and C 

Where the groove is circular, which occurs in those portions 

which are to the left hand of the vertical dotted line, the levers 

remain at rest, and they change into the position shown by the 

dotted lines when the sliding pin ^sses ftota tVie outer to the 

Bel The pin is elongated vu foixw, a,?, '^o*rr. 1.1 ^^i . 



is thus capable of passing across tlie intersections of theJ 
groove. 




Precisely the same character of movement may be obtained 

y the aid of a helical groove traced upon a revolving drum. 

'he intervals of rest occur when the groove assumes the form 

pf a flat ring, whose plane is perpendicular to the axis of the 

Irum. , 

A right and left-handed screw-thread is traced upon the worm 
barrel, AB, which rooUes 




Fg B7 



¥ 



at the 



vhure the 



one uniform direct on 
pin attached to the table 
r a printing niach ne f al 
lows the path of the groove 
.upon the barrel, ■md ts 
.form is elongated so is to 
enable it to pass 
grooves intersect. 

The interval of rest commences with the entry of the pin into 
the flat ring at either end of the barrel, and may be made to 
occupy the whole or any part of a revolution of AB, according as 
the grooves enter and leave the ring at the same or different 
points. 

This construction dispenses with the complicated system of 
levers, which constitutes such a serious defect in the other ar- 
rangement 

Mr. Napier has patented an InvenUon ■flVi\c\i ca.M^^'i \X\e.'«v 
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tervai of ' rest ' to endure beyond the period of one revolution o£ 
the barrel 

At the entrance to the circular portion of the groove a mov- 
able switch is placed, and it is provided that the switch shall be 
capable of twisting a little in either direction upon its point of 
support, and also that the pin upon which the switch rests shall 
admit of a small longi- 
"1 tudinal movement pja- 
rallel to the axis of the 
barrel, the pin itself Tje- 
ing urged constantly to 
the right hand by the 
action of a spring. 

In fig. I the shuttle 
is seen entering the cir- 
cular portion . of the 
J groove, and twisting the 
^* ^ switch into a position 
3 meet it again, as in fig. 2, and to 
make a second journey round the circular ring. 

The spring which presses the point of support of the switch to 
the right hand will now cause it to twist by means of the reaction 
which the passing pin affords, and the consequence will be, that 
the switch will be left in the position shown in fig. 3, and vrill 
guide the shuttle into the helical portion of the groove. Thus the 
period of test will be that due to about one and two-thirds of a re- 
volution of the barrel. 

Art. 71. — We remark, in conclusion," that when the mechatiic 
causes the moving body to be influenced by a pin which exacdy 
fits the groove along whicfi it travels, it is obvious that the moving 
body will take the exact position determined by the pin ; on the 
other hand, where the cam is- merely a curved plate pushing a 
body before it, there is no certainty that this body will return 
■unless it be brought back by a weight or spring. Hence it arises 
that double cams have sometimes beer employed in machinery, 
and we take the next example from an early form of power-loom. 
AB is the treadle, E and F ate the cam-wheels or tappets, 
^iych revolve in the directions shown b'j tVe airo^s, ^wvi vci sqsSr 



which \vill allow the shuttle 



Stions that the projections and hollows are always 
y opposite to each other. As the cams rotate, the treadle, 
, is alternately elevated and depressed, and the threads of the 




warp are opened so as to permit the throw of the shuttle dnrii^ 
the operation of weaving the fabric 

Art. ^2. — Cams are frequently employed for the purpose t, 
jOpening or closing with rapidity the valves of a steam cylinder, i 
other valves concerned in what is termed the expansive working o 
steam, that is, the cutting off the supply of steam 
of the stroke of the piston. 

1 a movement of this kind the cam is re- 
quired to lift the valve rapidly from its position 
of rest, then to hold it up for a time while the 
steam is passing through, and next to allow it 
to drop into its seat and remain at rest. 

The cam usually operates upon one end of , 

a lever, the other end of which is connected 

with the valve, and it is apparent that it wVi 

wSce to surround the crank shaft of thti en^tie. \i-i ^ ■^NaSA'a 

a2 i 
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cylinder having a circular portion ef, on which the end of the 
valve lever rests when the \5ilve is closed, and a raised portion, 

AB, also circular, upon which the end of the valve lever runs when 
the valv&is to be opened. Thus there are two circular portions 
which determine the opening and closing of the valve, and an 
arbitrary sloping portion connects AB with ef, and determines the 
rapidity with wliich the changes take place. 

For some purposes, as where steam is to be expanded in vary- 
ing degrees, the raised portions are of different lengths, as AB, 

AC, AD, arranged in successive steps, one behind the other, 
whereby the valve may be held open for different periods. 

Also, it is manifest that the cam may lie on the face of the plate 
instead of being part of its edge, and that in effect two portions of 
fiat plates rotating about a common axis perpendicular to each, 
and raised one above the other, with a sloping surface connecting 
' them, would be a mechanical equivalent for the cam described- 
Such a cam-plate was used by Sir W. Fairbairn. 

Art. 73.— Where the cam-plate is required to effect more 
P,^ ^, than one double oscillation of the 

sliding bar during each revolution, 
its edge cmst be formed into a cor- 
responding number of waves. 

There is an example in telegraph 
commutators, the interruptions of 
the current being caused by the 
vibrations of a lever, PCQ, centred 
at C, and whose angular position is 
determined by a pin travelling in the 
groove. 

As the wheel revolves, it can im- 
press any given number of double, 
oscillations upon the lever. 
Art. 74, — We have hitherto conlined our attenUon to simple 
examples in the geometry of motion : we shall now extend our 
view of the subject, and shall consider the communication of 
motion when the driver is a toothed wheel or pulley rotating con- 
linuoush' '""^i a /7.\-ed centre or axis ■, ai^d m qt&cv \.o ^i^ft-ra-lisa. 
still r shall suppose the recvpipcaUn&mQtw^ ^.o V; ec&ss 
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rectilinear or circular. In this manner we shall be enabled to 
bring under one point of view a great variety of useful mechanical 
contrivances. 

The student will be aware that in the transfer of force by 
machinery, the moving power is carried from one piece of 
shafting, to another, throughout the whole length and breadth of 
the factory ; it passes from point to point, enters each separate 
machine, and gives movement to all the several parts which may 
be prepared for its reception. 

Now it must be remembered that the engine is never reversed, 
and that the power continues to flow onward in one uniform 
direction. 

Take the case of a machine for planing iron : here the princi- 
pal movement is that of a heavy table sliding forwards and back- 
wards, and carrying the piece of metal which is the subject of the 
operation. 

There are two methods of obtaining the desired result : the 
power may be poured, as it were, mto the machine by a stream 
running always in one direction, and the reciprocation may be 
provided for by the construction of the internal parts, or the flow 
of the stream may be reversed by some intermediate arrangement 
external ta the machine itself. 

Art. 75. — The former method is that usually adopted, and 
we shall now examine those machines where the reciprocation de- 
pends upon the internal construction of the moving parts. 

And, first, we shall discuss a very simple and useful reversing 
motion which is obtained by a combination of two or three spur 
wheels, and which depends upon an obvious fact 

Fig. 92. 




Let A,B,C represent three spur wheels in gear; it will be seen 
that A and B turn in opposite directions, while A ajad C t\ita itv 
the same direction. If then we connect two ^^X2i}^€^ ^'^^'^ "^"1 "^ 
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combination of two and three spur wheels alternately, and pro- 
perly arrange our driving pulleys, so that the power shall travel 
first through one combination and then through the other, we 
shall have a movement which has been adopted by Collier in his 
planing machines, and which has been subsequently much used by 
Other makers. 

The power is now derived from the shafting by means of a 
band passing over a drum on the main shaft and over one of the 
three pulleys, E, I, F, at the entrance into the machine. 

Of these pulleys E is keyed to the shaft, I rides loose upon it, 
while F is attached to a pipe or hollow shaft, through which the 
shaft connecting E with A' passes, and which terminates in the 



driving wheel A. 




There is also a second shaft B'C, which carries the toothed 
wheels B' and C. 

Bis an intermediate wheel riding upon a separate stud. 

When the band drives the pulley E, it is clear that A' and B' 

turn in opposite directions ; whereas the motion is reversed when 

the band is siiifted to F, for in that case A and C turn in the same 

direction. When the driving band is pVac&i \i^oTv 1, x.Ke*machine 

rrest. 



e roiatior 
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le rotation of B'C may be made much more rapid i 
direction than in the other, and the construction is therefore jar- 
ticularly useful in machinery for cutting metals. 

The slow movement occurs while the cutting tool is removing 
a slip of metal, and the return hrings the table rapidly back into 
the position suitable for a new cut. 

Art. 76,— This contrivance is in common use, and the draw- 
is from a machine arranged for cutting a screw-thread in the 
interior of the breech of an Armstrong gun. 

the driving pulleys are glaced between the wheels 
A and A', and are formed in such a manner that the pulley F and 
the wheel A make one piece, and ride loose upon the shaft HK, 
as do also, in their turn, the pulley E and the wheel A' : the 
wheel M is keyed to HK, so as to rotate with it, and is further 
attached by a coupling to the muzzle of the gun which is to be 
.operated upon. 




When the strap is upon E, the motion travels from A to B', 
and so on to L and M, causing the gun and the shitt HK to 
rotate together slowly in one direction, whereas, upon ahifiing the 
strap to F, the motion passes from \ to C through a small inter- 
mediate wheel, and thence to L and M, ■^heiebY ^'^* "tota.U.o'i ct 
the gun is reversed, and a higher speed "is mUoiMc^i- 



r 
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The object of the machine is to copy upon the interior oT 
the breech of the gun a Bcrew-thread which is formed upon the 
end R of the shaft HK. 

I''or this purpose the shaft HK is screwe<^' as shown, and 
/a^slide-rest carrying a cutter advances longitudinally along the 
■gun, with a motion derived directly from a nut which travels along 
the screw-thread formed ujxin R. Since the cutter can only re- 
move the metal while passing in one direaion, there is a loss of 
time during the return motion, which it is the object of this com- 
bination to reduce as much as possible. 

Art. 7 7. — The same combinadon, slightly modified, is adopted 
generally in planing machines, and is valuable by reason of the 
uniformity of the movement, the rate of advance of the table beli^ 
perfectly constant 

It also possesses the important advantage of causing the table 
to traverse with a quick return movement when the cutter is not 

We give so much of the machine as will explain the method of 
reversing the motion of the table. When the strap is upion the 
pulley F, the wheel A turns in one direction. When the strap is 





upon the pulley E, the motion ] 

d thus the axis, CD, is made to revolve i 
h a reduced velocity. 



which turns with T^ 
the opposite direction 



Quick Return Movement Sg 

The wheels A and D both engage with another wheel which 
\ acttiates the table, and the reversal takes place when the moving 
power is transferred from the wheel A to D; but inasmuch as it 
would be difficult to give a clear representation of the movement 
without a sketch in perspective, an additional lecture diagram has 
been prepared wherein the toothed wheels are represented by 
ciicular discs with smooth edges. 




Taking the two diagrams together, it will be apparent that the 
pulleys, E, I, and F, are arranged by the side of the first toothed 
wheel. A, whereby either F drives A, or E drives B, C, and D. 

It has been stated that tlie wheels A and D both engage with 
another wheel which actuates the table, and the second drawing 
shows this additional wheel, H, engaging both with A and D on 
one side, and connected directly with a compound or stepped 
wheel, K, which is placed under the rack R. 

The object being merely to indicate the position and arrange- 
ment of the working parts, the long rack which lies underneath the 
whole bed of the table is here marked as a short piece R rolling 
upon the disc K. 

Art. 78. — We shall now examine another class of reversing 
motions, and shall commence in the most elementary manner. 

Conceive a disc E, having a flat edge, to lutv he.t«e.e.tt. fsa 
parallel bais, AB and CD, arranged in a lecVan^Aai tiKKi^-, a-tv^i. 



QQ 
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« uui ci>p, i\inhci« Out the fnimc can be raised or 

111 liiihg AH <uul i'O Altcnutcly into contact with £ (6g. 97). 

It ilu- ili^i hM^ilcK ;)1 WAX'S in the direction of the arrows, it viD 
\\\u\v. \\\\: n.iiuo 10 the lct\ iK'hcn brought into contact with CD, 
uiul lit ilu' ii^tu \\hrn bi\Mt^ht into contact with AR 

We tut\c thnvi^Mv A ivvcrsing motion within the limits of the 
tVauiu 

^'i%t. 0* Fig. 98. 





lu oiiU-i iv» wulo 1^0 nv^ru^n cvminuous, it will only be ne- 
cc:»:»ai^ u» .ilui iht' \ux i:Ux^ v iivuUxr stri^^s or discs, as shown in 
\\^. iiS, .nut wv ^^all ivAc'.NO ;^c motion of the vertical axis by 
luihL^iui; ihc u|»\vi 02 !o^xv". ois..^ AR and CD alternately into 

III ihirs \\.i> \sc ol»i.iiv. :ho :':>^: iooa of a reversing motion, and 
il uuly iciUviin'* M un »o iiui^roNO :ho i^cnenl construction and 
aiiaut;cuicni oi iho woiki'.iii ';\u:s s<.^ as to make it practically 
Urjciui. AnJ Wf should observe :h.i: inasmuch as the rolling 
uai^'U v»!" wMu-* i'» liioiv 'v.uv: :.\:n :ha: of circular discs, for the 
rca^ou^j vilr«.\u!y c\;'laiiK\l iv. :ho ::^.:roci:ctor\* chapter, it will be 
belter to ^»u!»^ulUK* conos for the o.is.^ in the manner shown in 
fig. 99, and ihc reversal will ^.xvur, just as before, when AB and 
Cl> arc altcnutolY brought into frictional contact with the driving 
cone K. 

The geometrical condition of roiling will demand that the 
vertex of the driving cone E shall coincide with that of AB in one 
position of contact, and with that of CD in the other : hence the 
vertices of the two cones AB and CD must be separated through a 
small space equal to that through which the common xxis is shifted 

If we desire to transmit force beyond the limit at which -*:e 
\ld begin to slip upon eacVv ot\v«, ^^ mvist T^>aL ^acil 
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in the rolling surfaces, as in fig. loo, and we thus obtain a 
sing motion which has been used in spinning machinery. 




Here a bevel wheel, E, is placed between two wheels, A and G,l 
hich are keyed to the shaft whose motion is to be reversed, thaj 
terval between A and C being enlarged so that E can only be ii 
ir with one of these wheels at the same time ; the reversal isl 
;n effected by shifting the piece AC longitudinally, so as to! 
[ow E to engage with A and C alternately. 

Art. 79. — A reversing motion which depends upon the shift- I 
( of wheels in and out of gear is not perfect as a piece of,'i 
ichanism ; we must try, therefore, to convert it into another, f 
ranged as to give the reversal by passing a driving clutch froni,J 

wheel to the other, the wheels concerned in the movement^ 
gaining continually in gear and fi.xed in positioa 

For this purpose we employ one working pulley F, keyed upoti'J 
: shaft ED ; by its side we place a second pulley I, which ridea'ji 
ise upon the shaft, and which carries the driving band when ncy 
iri is being done. 
■ The wheels A and C ride 

ie upon the shaft ED, and 

intention is to impart the 
stion of the shaft ED, which 

driven by steam power, 
the wheels A and C alter- 
tdy. 

We now fit upon the shaft 

sliding clutch N, having projecivona w\\ic\v?,eT\eto\Q^"'^'«i 




\ 
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A or C as ronuired and we place also a projecrion, or feather, 
■Kjon 'he inner oart of rhe clutch which slides in a corresponding 
.:<roovrj fomt^fi in rhe shalt, so that N" must always turn with Eli 
* t IS "-.Itiar. therefore, that it we allow the clutch N to engage with 
A Sit ;han communicate :o B a rotation in one direction, and 
::hat, rurher. we shall reverse the rotation of B if we connect C 
■•VI tn NT, .or the smdent will see :hat in this combination A and C 
must always rotate in opposite «iirections, and that the rotation of 
R as 'lerived trom A must be different from that which B would 
derive from C 

Tnis reversin;! mtition may be commonly seen in steam cranes 
i ne shatt EO is then <iriven iiirectiy by a steam-engine attached 
to the crane, and the sliding clutch may be locked to either bevel 
wheel by a friction cone, and is pushed to the right or left by 
means of a iever which ;zrasps it witiiout preventing its rotation. 

There is anixlier application in screwing machines where a 
rapid reversal is retpired. In this case the shaft ED is reversed 
by the action of the bevel wheels, instead of impartiniz is rotation 
to each of :hcm in cum. The driving pulley F being attached by 
^ pipe to the wheel A the reversal is effected by shifting the 
clutch, and thereby locking the shaft ED to the wheels A and C 
alternately. 

Art. 8o. — We have next :o examine the application of this 
reversir.o- motion in olaninu: niachines. and shall describe the com- 
'Jination of three -oulle^-s with three bevel wheels which has been 
adopted by 5;ir J. WTiitworth. 

In pursuing an incyjiry into machinery of this character we 
^-'^y remark that the principle of machine copjing, whereby a 
form contained in the apparatus itself is directly transferred to the 
rnaterial to be operated up^Dn. is the distinguishing feature of all 
planing machines. The ap; liiation of this principle is perfectly 
general, and, as a rule, wherever a pnDcess of shaping or moulding 
*s well and cheaply performed by the aid of machinery, we find 
that some skilful and carefully arranged contri\-ance for transfer- 
ring a fie finite form is contained within the machine. 

In the earliest form of planing machine, a method of carr}ing 
^hc cutter along parallel bars was adopted, ;\xvd \.\\^ v^^fs«.wt ptactice 
^i f^ ' »v pt^ectly level and p^^iv^ ?>Mii^ct^ c^^^N '5^^\;\0c. ^\^ 
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laced on either side of the machines, and are shaped exactly as 
leir name indicates ; their form gives a support to the table, pre- 
ents any lateral motion, and allows the oil required for lubrica- 
.on to remain in a groove at the bottom, from whence it may be 
rorked up by the action of the iiiachine. The table has projecting , 
nd similar Vs which rest upon the former, and the object of the 
aechanism is primarily to cause the table to move in either direc- 
ion along the grooves, and thus to copy upon a piece of iron 
upported thereon, and carefully bolted down, an exact plane sur- 
ace which possesses the truth of the guiding planes. 

Whether it may be better to move the table by a rack and 
linion or by a screw has been a subject upon which different 
ipinions are held, and at all events the quick return movement ' 
rhich is given by a combination of spin: wheels, as already de- 
cribed in Art 77, is extremely valuable. 

To recur to Sir J. Whitworth's arrangement, we find that he 
ffects the required movement by rotating a screw which runs 
long the central line of the bed, and which imparts to the table a 
lerfectly smooth traversing motion, equal of course in exactness, 
r not superior, to that which could be obtamed by the best-con- 
tructed wheel work. 



m 



u 




There are now three pulleys, E, I, and F, whereof I is an idle 
niUey, and rides loose upon the shaft ; E is keyed to a shaft ter- 
ninating in the bevel wheel C, and F fits upon a pipe through 
vhich the shaft connecting E and C passes, and which terminates 
n the bevel wheel A. 

B is a bevel wheel at the end of the shaft whose direction of 
■otatioa is to be reversed 



r 
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It is dear that the motion of the wheel B is reversed when 
driving strap is shifted from E to F. 

One objection to tliis movement consists in the fact that it 
does not permit the motion of B to be more rapid in one direction 
than in the other, and in order to,economise the steam-power lo 
the fullest extent, a method of rotating the tool-bos was adopted 
by which means the cut was made while the table traversed in 
either direction. This reversal answers very well in planing ordi- 
nary flat surfaces. 

It may, however, be so arranged as to obtain a quick return by 
making A and C of equal size, and by causing them to gear re- 
spectively with two -unequal wheels upon the axis of B, or a com- 
bination of spur and bevel wheels may be employed. 

Art. 8i. — The contrivance just described is shown in fig. 103, 




as applied in a machine for rifling guns, and the method adopted 
is precisely that 90 generally employed in planing machines. 

The three pulleys and the three bcveV-fl^^e^isMeciiTmsasAva- 
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gether m the manner already indicated, and the bevel wheel B, bjr ■ 
its rotation, causes a saddle S carrying the rifling bar to move 
along the screw in the direction of its length. A bell crank lever, 
MLN, controls the bar PQ, which carries a fork used to shift the 
ftrap, the arms of the lever lying in different horizontal planes, 
while a movable piece, R, fixed at any required point of the bar, 
NR, is caught by a projection on the saddle as it passes to the 
nght hand, and thus the bell crank lever is actuated, and the strap 
:is carried along from E to F. 

A weight fails over when this is taking place, and gives the 
motion with sharpness and decision, so as to prevent the strap 
from resting upon I during its passage. On the return of the 
saddle to the other end of its path, a similar projection again 
I catches a second piece upon the sliding bar NR, and the strap is 
thrown back from F to E. 

This bell crank lever, as employed for shifting the strap, is 
•worthy of notice ; it consists of two arms, LN and LM, lying in 
different planes and standing out perpendicularly to an axis. It is 
a contrivance which afford j a ready means of transferring a motion 
from one line, RN, to another, PMQ, which lies in a perpendicular 
direction at some little distance above it {Art. 36). 

Art. 8z. — Where the reciprocation is effected by a contrivance 
external to the machine, two driving bands may be employed : of 
these one is crossed, and the other is open, and it has been 
.already pointed out that the followers will turn in opposite direc- 
tions, although they derive their motion from a single drum, 
which, being driven directly by the engine, must rotate always in 
one direction. 

The form which the arrangement assumes in practice is shown 
in the sketch, fig 104, where PQ is the driving shaft carrying the 
drums R and S. 

Confining our attention at first to the left-hand diagram, we 
observe that one of the driving bands is represented as crossed, 
and that the rotation of the lower shaft HL is to be derived from 
each band alternately. 

There are three pulleys, whereof A and B are each loose upon 
the shaft, and are about twice as broad as C, which is a working. 
pulley. 
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CP being less than CQ, and the extremity P of the crank 
)ving in a slot or groove running along the line QR. 
e drawing shows an arm CP centred at C, and conveying 
I to the grooved arm QR by means of a pin, P, which fits 
e groove. As CP revolves with a uniform velocity, and in 
tion opposite to. the hands of a watch, it will cause QR to 
jp and down to equal distances upon either side of the line 
It with this peculiarity, that the upward swing will occupy 
ne than the down- ^ ,g ^^s. 

wing. 

e motion of QR 
J variable, its ve- 
changing at every 
, and we must 
'^our, in the first instance, to discover an expression for its 
motion as compared with that of CP. According to well- 
shed rules, we estimate the relative rates of motion of two 
ing pieces by comparing the sizes of the small angles de- 
1 by either piece in a very minute interval of time reckoned 
ny given instant. 

T. 84. — Let now P/ represent the small arc described by P 
ery minute interval of time, such as the 1 0^0 0^ ^ P^^ 0^ ^ 
I. Join Q^, C/, and draw Vn perpendicular to Q^. 




Fig. X06. 




^ angular vel of QR ^ ZPg^, -^ ^^^ ^^; 
angular veL of CP Z. PC/ ^ 

= limit of ^r:=-7-7^ 
QP CP 

= limit of —X—- 
QP P^ 

H 
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But Vn = Vp co% pVn = VJ> co% RPC = P/cos (C+Q). 
, angu iar vel of Q R^ CP co s (C+Q) 
' ' angular vel. of C"P PQ 

We may test this formula in the usual way ; for instance, let 
C + Q = 90°, in which case QR touches the circle, then 
cos (C + Q) = cos 90° = o ; 
.'. angular veL of QR=o, 
or QR stops, as we know it must do. 

Next, let C = o, Q = o, or let P be crossing the tine CQ, then 
cos{C + Q)= COS. 0=1. 

. ang ular vel of Q R_.CP 
■ "angular vel. of CP QP' 
or the vel. of QR is as much less than that of CP as QP is greater 
than CP, a result which is evidently true. 

if it be required to find the position of QP when P is at any 
given point of its path, we have Che equation 

wlience the angle PQC is known in terms of C 

If we draw QD, QH, tangents to the circle described by P, 
it will be evident that the times of oscillation of the arm will tfe 




1 



unequal, and will be in the same proportion as the lengths of 
arcs DLH, DKH, 

The ratio of the angular velocities of QR and CP tfiay also be 
obtained by analysis. 

Let CQP = f>, PCQ = e, CP = a, CQ = ir, 
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.•.o=sin (0+0) cos ^-sin cos (0+0) 1 1 +^ j 
.•.sin cos (0+0) = {sin (0+0) cos 0~cos (0+0) sin 0}-^ 

=sina^. 

Art. 85. — Another way of looking at the motion, which is 
technically known as a slit-bar motion, is to consider that PQ is 
a line of indefinite length jointed at P to the crank CP, and con- 
strained to pass through an opening at the fixed point Q. As 
before, the condition that CP is less than CQ must maintain, or 
the line PQ will no longer oscillate. 

This again is the movement in an oscillating engine, where the 
steam cylinder is swung upon trunnions, and the crank CP is con- 
nected by a piston rod to a piston moving up and down m the 
cylinder. 

Whichever of the above forms may be selected as an illustration, 
the movement is precisely the same. 

Fig. 108. 



Taking CPQ as the triangle, draw CR perpendicular to QP 
produced, and draw PH parallel to CR. 

^ CP cos (O+0) _CP RP_RP_CH 
PQ PQ CP PQ HQ 

angular vel. of Q R _ CH 
^^' angular vel. of CP "" HQ* 

Referring to the oscillating cylinder, let V be the linear velocity 
of the crank pin P, and v the velocity of the piston, which moves 
in a cylinder swin^ng on trunnions at Q^ aivd \^W)a^l<3^ ixssi.- 
plicity, we will indicate by the point S in lYve diamTv^, 

H 2 
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I'licn the velocity of P resolved along PQ is equal to the •' 
vebiiiy of S. 

.•.VsmRPC = z-, 
r_CR. 

'V ci" 

which gives the velocity ratio of tlie piston to the crank pin in an 
oscillating engine. 

Akt. 86. — Hitherto we have supposed CP to be less than CQ, 
and tlie result has Ijeen that QR swings about the point Q in un- 
ctjual times ; hut wc will now arrange that CP shall be greater 
ihan CQ. in which case QR will sweep completely round with a 
eircutar bnt variable motion. We shall, in fact, have solved the ' 
problcra of making a crank revolve in such a manner that one 
half of its revolution shall occupy less time than the other half 

Now this is a very important result, and is of great value in 
mftchiliory, because if the crank be made to perform its two half 
,,_,. ^_^ revolutions in unequal times, it follows 

that any piece connected with it by a link 
may be caused to advance slowly and re- 
turn more rapidly ; a movement which, as 
we have already pointed out, is peculiarly 
useful in machines for cutting metals. 

Ormstructing as before, let C be the 
centre of the circie described by P. Then 




the equation tan PQA = 



CPs 



CP cos C 
, givca the position of QP when that of the crank is assigned. 

. , angujar vel.of QR ^ P« ^ Pj* ^ P/ c os CPQ CP 
angula"rvel. of CP PQ ' CP PQ P/ 



CQ 



Cor. I. If CQ be small, the angle CPQ will be small also, and 
we shall have cos CPQ = i nearly ; in which case the angular veL 
of QR varies as ~, while that of CP remains constant. 



C/!r. 3. When CQP is a right arig\e, -we \\avft 



^ 
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Quick Return Motion. 



lOl 



Fig. xzo. 




Fig. III. 



cosCPQ = ?f, or^^=x. 

that is, the angular vel. of QR = the angular vel. of CP. 

This happens twice during a revo- 
lution, and gives the line of division of 
the inequalities of the motion of QR. 
Hence, if we draw DQH perpendicular 
to CQ, and cutting the circle described 
by P in the points D and H, the times 
of each half-revolution of QR will be 
in the proportion of the arcs DKH and 
DLH. 

Cor. 3. The angular ve 
locity ratio between QP and 
CP may be set out in a sim- 
ple geometrical form just as 
in the previous case. 

Draw PH perpendicular 
to QP, and QS parallel to 
PH. 

Then angula r vel. of QP _ CP pp^ 
^^^"^ angular vel. of CP "" PQ' ^""^ ^^^ 

GP 

PQ 

^CP 

PS 

_CH 

-QH' 

Art. 87. — If BR be made to carry a link, RQ as in the case 
of the crank and connecting rod, the linear motion of Q will be 
the same in amount as if BR revolved uniformly, but the periods 
of each reciprocation will in general be different. (Fig. 112.) 

The difference in the times of oscillation will depend upon the 
direction of the line in which Q moves. 

The best position for that line is in a direction perpendicular 
to CB. We have shown that the times of oseiWaXioxv ^\^ ^^^'^.•as. 
the arcs DKH and DLH, and it is also evideia tWx. \}c^^ m^Q^'^v^:^ 
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between these arcs is greatest when DH is perpendicular to CB, 
and diminishes to zero when DH passes through CB. 

We have now an arrangenaenl \'ery suitable for effecting a quick 
return of the cutter in a shaping' machine. 

].^t one end of a connecting rod be made to oscillate in a line 
perpendicular to CB. or nearly so, and let the crank BR be driven 
by an ami, CP, which revolves uniformly in the direction of the 
aitow, we at once perceive that Q will advance slowly and return 
quickly, the periods of advance and return being as the arcs DLH 
and DKH. 




This machine is 
is no movable table 



Art. 88. — Such a direct construction is not very convenient 
for the transmission of force, and it has been so modified by Sir 
]. Whitworth in his S/ia/n\^ Machine, that the principle remains 
unchanged, wliile the details of the moving parts have undergone 
some transformation. 

nalogous to a planing machine, but there 
the piece of metal to be shaped is fixed, 
and the cutter travels over it. 
The object is to economise 
time, and to bring the cutter 
rapidly back again after it has 
done its work. 

The arm CP is here ob- 
tained indirectly by fixing a 
pin, P, upon the face of a 
plate, F, which rides loose 
upou a sV\3.^, C, MvA is driven 
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As the wheel J" revolves upon the shaft represented by the 
shaded circle, the. pin moves round with it, and remains at a con- 
stant distance from its centre. 

A hole, B, is bored in the shaft, C, and serves as a centre of 
motion for a crank piece, DR, shown in fig. 114. The connecting 
rod, RQ, is attached to one side of this crank piece, and the pin, 
P, works in a groove upon the other side. Thus the rotation of 
the crank causes the end Q to oscillate backwards and forwards, 
and to return more rapidly than it advances. 

The length of the stroke made by Q must be regulated by the 
character of the work done, and is made greater or less by shifting 
R farther from or nearer to B. This adjustment does not affect the 

Fig. 1x4. 




inequality in the relation between the periods of advance and re- 
turn which the machine is intended to produce. 

Art. 89. — ^As a further illustration of this slit-bar motion, we 
give a sketch of a curvilinear shaping machine used at the Crewe 
Locomotive Works. 

There have been instances of unequal wear of the t5n:es in the 
leading wheels of locomotive engines, which have been traced to 
the circumstance of the wheel itself being a little out of balance ; 
that is to say, the centre of gravity of the wheel did not exactly 
coincide with its centre of figure. 

In one case a wheel was found upon trial to be 9 lbs. out of 
balance. 

Now we learn in mechanics that a weight of W^lbs. describing 
a circle of radius (r) with a velocity of (x?) fee\. ^^\ ^^cq\A^^^^ 



I — \ ^im 
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dnnng its whole mooan, exert conmiiBllj a puli upon the centiE 

in tbe dtrectioo of a line joining the body and tlie cenue, whicfa 

inB be measured in potuKh b; tbe expressioQ 

K'r* 

3:1 X r 

Suppose a wheel 3 Fl 6 in. diameter to run at a velocity of 50 

miles an boor. In this case r will be equal to -^—, and r will be Z, 



; (taking (*'=i) 



7 X 9 X i6-i 
= ^3=95* 



4 



whence the pull of only one pound weight ^ a distance of 3^ fL 
from the centre will amount to racher more than 95 lbs., and a 
we^t of 9 lbs. would produce a pressure upon the bearing of 
rather more than 7I cwts, ; and then, in the time of a half-revo- 
lution, viz., about ^^th part of a second, the same pre^uie in tbe 
opposite direction. 




It is, of course, only at high speeds that the defects due to 
want of balance become serious, and this numerical result shows 
very plainly the necessity of great care in the construction of wheels 
wJu'd" — -quired to run at a high ve\oc\t^. 
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The machine intended to shape ttie cui\-ed inner face of the' 
tm of locomotive wheels has the quick return movement which we 
cave just discussed. 

The point B is the centre of motion of the lever bar, and 
»mcides vdth the centre of the circular portion forming the inner 
RU&ce of the rim of the wheel W. The tail end of the lever has 
B long slot in which the crank pin P works : this pin is attached 
to the driving disc centred at C, and the length of the stroke can 
be adjusted by shifting P in the direction of the radius CP. 

Art. 90. — Mangle. -wheels form a separate class of contriv- 
ances for the conversion of circular into reciprocating morion. 

A mangle wheel is usually a flat plate or disc furnished with 
pins projecting from its face ; these pins do not fill up an entire 
circle upon the wheel, but 
an interval is left, as shown 
at F and E. 

K pinion, P, engages 
vrith the pins, and is sup- 
ported in such a manner as 
to allow of its shifting from 
the inside to the outside, 
or conversely, by running 
round the pins at the open- 
ings F and E. 

The pinion, P, always 
turns in the same direction, 
and the direction of rota- 
lion of the mangle wheel is the s; 
is inside the circular arc, and u 
pinion passes to the outside. 

The mangle wheel may be converted into a mangle rack by 
placing the pins or teeth in a p,^ ^_, 

Straight line. Here the pinion 
must be so suspended as to 
allow of its shifting from the 
upper to the under side of the 
rack. 

As to the velocity ratio betw 



the ".rf* 




a that of P when the pinion 
1 the opposite direction when the 




the whtifcV and ^vm.qti,'\X'«&. 
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be shown hereafter that the inner and outer pitch circles coinddcl 
in the case of a pin w^ieel, and therefore that the relative rotatioB 
of the mangle wheel to the pinion is the 
Fi'^ "9- same in both directions. 

If the pins be replaced by a curved 
ring furnished with teeth, the mangle 
wheel will move more rapidly when 
the pinion is upon the inside circum- 
ference, and by giving certain arbittaty 
forms to this annuius, the velocities 
of advance and return may be modi- 
fied at pleasure. Contrivances such a 
this are seldom met with at the present 
time. 

Art. 01.— Sometimes the pinion is fixed, and the radk shifts 
laterally. An excellent form of this arrangement was introduced by 
Mr. Cowper, and senses to give a reciprocating movement [o the 
tabic in his printing machine. 





The rack HF is attached to the system of bars in the manna 
exhibited in the diagram. A and C are centres of motion, and 
are the points where the bars are attached to the table. AG and 
CE are bisected in B and D, and are joined by the rod ED ; the 
rack HF is attached to the bais K.G and CS- ^(5 "Cctfe wsroisx&Nt 
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i GH and FE, and it must be remembered that it is the 
ion to obtain this so-called mangle motion by the reverse 
«ss of fixing the pinion and causing it to drive a continuous 
; which runs upon each sidt; of it alternately. 
The precise value of the contrivance consists in the arrange- 
: of the bars, which will be understood upon referring to the 
on upon Parallel Motion, and it will be seen, that when the 
m has pushed the rack to either end of its path, the bars will 
Ct as to move together, and will shift this rack HF to the 
ftsite side of the pinion, whhout allowing it to deviate from a 

ion coincident with that in which the table Is moving. 
This is the object of the contrivance, and, as we have said, the 
" by which the resuU is arrived at will be apparent when the 
ject of parallel motion has been examined. 
Thus the table carrying the parallel bars and the rack oscillates 
kwards and forwards, while the pinion, which transmits the 
e, remainti fixed in space. 

When this machine was applied to the printing of newspapers, 
table moved at the rate of 70 inches in a second, and its 
;ht, including the form of type, would be about a ton and a 
t Wlien urged to its highest speed the machine would give 
« impressions in an hour, which is about the greatest number 
inable under a construction of this kind ; the true principle in 
d printing being that announced in the year 1790 by Mr. 
holson, who proposed to place the type upon a cylinder having 
jntinuous circular motion, and upon which another cylinder 
ling the paper should roll to obtain the impression. But 
lugh Mr. Nicholson enunciated the principle nearly a hun- 
years ago, and took out a patent for a mode of carrying 
ut, there is a wide difference between saying that a thing ought 
; done, and showing the world how to do it in a practicable 
ner; hence it was not until late years that Mr. Applegath, 
finally Mr. Hoe, were enabled so to arrange their cylinder 
iting machines upon the principle of continuous circular motion 
satisfy the wants of the daily papers, and to print some twelve 
burteen thousand sheets in an hour. 

To recur to our shifting rack, it must be xsTOMV^ed V'c\W. V^ 
of the great weight of the table, and live la-giivVj ■m'Oft^'toSt 
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it moves, it would be quite unsafe to leave the rack and pinion in 
the present unassisted condition ; a guide roller therefore deter- 
mines the position of the pinion relatively to the rack, while the 
rack itself shifts laterally between guides. 

But since, theoretically, the rods would cause HK to mow 
always in a direction parallel to itself, they practically enforce the 
desired movement in the path of the guides, with as little loss of 
power as possible. 

Art. 92, — If it be required that the reciprocation shall be in- 
termittent, i.e., that there shall be intervals of rest between each 
oscillation, we may employ a segmental wheel and a double rack,, 
as shown in fig. lao. 

The teeth upon the pinion engage alternately with those upon 
either side of a sliding frame, and the motion is of the character 
required. The intervals of rest are equal, and are separated bjr 
tqual periods of time. 

A pin upon the wheel and a guide upon the rack will ensure 
the due engagement of the teeth. 




A mechanical equivalent to the above is found in the use of 
two segmental wheels and a single rack (fig. 121). 

These segments must be equal, but they may be placed in 
different relative positions upon the discs to which they are 
attached ; and, as a cortsequcnce, the intervals of rest may be 
separated by unequal periods of time. 

These segmental wheels have been employed in the earlier 

days of mechanism, and there was a well-known instance in Mr. 

Cowper's printing machine, where a segment of a wheel engaged 

irith a small sector at each revolution, and so fed on the sheets of 

^/<er Zy t/ie push given wl:u\e i.\iese^eii\.swe\e\t 
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Fig. zsa. 



►ir J. Whitworth has proposed the subjoined arrangement 

he reversal in a machine for cutting screws : we take it as a 

ler example of the use of these 

ds, which, however, should always 

voided if possible. There is only 

driving pulley, and two segmental 

els are keyed upon the driving 

L They are close together in the 

hine, and for the sake of the ex- 

ation we have placed one above 

other. The object is to effect the 

rsal of a shaft C : the segmental 

els A and A' have teeth formed 

id one half of each circumference, 

the toothed segments are in situa- 

s opposite to each other, as in fig. 




Trrrr' 



iVhen the action of A ceases, that of A' begins, and we have 
wheels A and C, or the wheels A', B, and C alternately in 
3n, /.<?., we have a reciprocation of C. This is a direct example 
he case given in Art 75. 
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CHAPTER III. 



Art. 93. — In the present treatise the terra ' Unkwork ' is 
plied to combinations of jointed bars movable in one plane, the 
joints being pins, whose axes are respectively perpendicular to the 
plane in which the bars move. The crank and connecting rod is 
an example of linkwork, but the present chapter deals principally 
with combinations of three or more links. 

As a fundamental case, and one which will repay the trouble 
of examining it, we take two cranks or levers centred at a 
P,^ _^^ distance from each other, mov- 

able in one plane, and connected I 
at their extremities by a jointed 
bar. 

Such a combination is repre- | 
sented by CPQB, where C and 
B are fixed centres of rotation 1 
*^ ' 2 formed by two parallel cylindric ' 

pairs, the arms CP, BQ being 
cranks or levers movable about axes through C and B, while PQ 
is technically known as a link or coupling rod, and is attached to 
the respective cranks by pins. 

There are, in fact, four parallel cylindric pairs^ and three 
movable bars. 

Frop. When two unequal arras or cranks are connected by a 
link, as in fig. 123, the angular velocities of the arms are to each 
other inversely as the segments into which the link divides the line 
of centres. 

I. This may be proved by tefeience to a.tv \t\st3.tAw\ftous'axis. 
Upon causing the combination lo tacY.3.%t\«:,\5.-«"a.\iftfeKBA. 
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f 

I diat P b^;iiis to descnbe a dic^ moDd C, viaiSe Q bedz&s to 
( descnbe a dide round B, viience n becosDes endei:! ^jn ibe 

f instantaneous centre, 
about which PQ is lo- 
tating at any instant, lies 
^ in the point O, where 
I CP and BQ meet when 
% produced. 

I Produce PQ to meet 

f BC in £, and draw CS, 
OF, BR respectively per- 
pendicular to PQ. Let 
PCE=0, QBC=^ and when the figure racks a little, let CP, BQ 
describe the small angles dO and d^ At the same time P and Q 
will each describe the same small angle a about the centre O. 

.•.CPxi/e=OPxa, 
BQxii^=OQxa, 

.CP ^n_BQ , 

.^_]BQ OP_BR OF^BR^BE 
•V^^OQ^CP OF CS CS CE' 

2. The same may be proved by the resolution of velocities. 

Let P and Q shift to/ and ^ during the smallest conceivable 
interval at the beginning of the motion. 

Then the resolved part of the motion of Q in the direction QP 
is ultimately equal 

to Q^ cos ^QP, ^'°- "5- 

=0^ sm BQR 

=BRx angle QB^. 

So also the resolved part of the motion of P in the direction 
QP=CS X angle PC/. 

But in the first instant of the motion these resolved parts are 
equal to each other, because PQremaina lot aWvd ^^idja^^vKJ: 
to Its £ist positioiL 
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/.BR X angle QB?=CS X angle PC/, 
. a ngle Q B^^CS 
' ' angle PC/ B"r' 
But although the angular velocities of the arms EQ and CP 1 
change continuously, yet they will be at any instant in the same ' 
proportion as the limiting ratio of the angles described by these 
arms in a very minute interval of time, the relative motions of the 
arms not being supposed to change during that interval. 
Ln gularveL of CP _ angle PC/ 



Hence 



angular vel. of E 



'angle QBy 

^BE_ 

CE 



3. By analysis, the same may be proved. 

Let CP=a"l CS=^1 PQ=rfl 
BQ=i4; BR=AJ' CB=f/ 
8 and ^ as before, and the angle CEP being equal to •^. 




■ 



Then/( = <7sin{e+if,) 

d = a COS (84 4)+^ cos 4--* cos (^H-J-) 
.'. by differentiation we have 

o=-<isin(fl + i;.) (rffl+rfJ-)-^sin ^d^f/ ^ 

+*sin{p+4-)(^^+<f./.) 
.-.^sin ^d4>=-h {dd+di.)-\-k{df-\-d4,) 
= {k-h) d^-hd^-Vkd^. 
But <S— A = csin >/-. 

.\o=^hd&-Ykdi^ 

" d^ k CS 
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, angular veL of CP _BR_BE 
* *angular veL of BQ CS CE' 

which proves the proposition in its general form. 

Art. 94. — Let it be required that one crank (viz. CP) shall 
sweep round in a circle, while the other (viz. BQ) oscillates to and 
fro through a given angle. 

In the diagram, the point P describes a circle, while the point 

Fig. 187. 




Q oscillates to and fro in a circular arc, the points H and E mark- 
ing its extreme positions. 

Then CH = PQ-CP, 
CE = PQ+CP. 

Also since CP makes complete revolutions, it is essential that 
CP and PQ should come into a straight line before BQ and PQ 
have the power to do so. Hence we must have 

CB + BQ greater than CE, 
and CB-BQ less than CH. 

It will be readily seen, upon testing this statement, that if CB 
be taken equal to PQ the crank CP will revolve, and BQ will 
oscillate, so long as CP is sensibly less than BQ. 

The angle of swing of BQ increases also as CP becomes 
more nearly equal to BQ and tends to reach two right angles as 
a limit 

Ex, Let CP -= 2, CB = PQ= 15, BQ = 8, to prove that BQ 
will oscillate through 30° from a position perpendicular to CB. 

When BQ is at the end of its swing on tJ\fc x\^\. \^a3^si. ^^ 
have, since CE=iy, 
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.: CBQ = 90=, or BQ is vertical. 
When BQ is at the end of its swing on the left hand we have, 
since CH=i3, 

cos CBQ = 

.*. CBQ ^ 60°, which proves the statement " 
Art. 95- — It has been stated that an extreme case occurs 
when CP = BQ, and when the connecting link PQ is also equal 
to the distance between the centres, viz., CB. 

Under these circumstances one crank, as CP, will make com- 
plete revolutions while the other, viz., BQ, oscillates through 180°, 
But at the same time CPBQ may form a parallelogram, whose 
opposite sides and angles are equal, and if any provision be made 
for retaining PQ parallel to CB, the crank BQ will no longer os- 
cillate but will perform complete revolutions. . 

In the diagrana, CP, BQ represent two cranks connected by 

P^^ ^^ a link PQ, which is equal to CB, then 

it is apparent that CPQB forms a paral- 

c n lelogram so long as PQ remains parallel 

V \ to itself, or that the parallelism of PQ 

^ ^ is the condition which ensures the joint 

rotation of the cranks. 
It is also apparent that when the driving crank comes upon 
the line of centres the joint CPQ will bend if there be any re- 
sistance to the motion in the follower, and BQ will then return, 
while CP alone continues its rotation. 

This state of things is shown in fig. 1 29, where CP sweeps round 

in a circle, while BQ oscillates through 180". The difference is 

Fic, 119. that in the first case PQ remains 

parallel to itself, and that 

second case it oscillates throi 

an angle a, such that 

J CB 

£tit the osciijation is put an end 10 ^i'} si^eT\niivw% 



tne 



Four-bar Motion. 



IIS 



combination exactly similar to the first, as in fig. 130, where the • 



Fig. 130. 




I 

jf bell crank lever PCP' is connected 
M 'wth a second identical bell crank 
I ^Qlt by means of the equal links 

f PQ, P'Q'. 

In this way, when PQ is passing 
through the dead points, PQ' will 
hold it in a parallel position, and 
each connecting rod will prevent 

the other from taking that oblique position which is destructive of 
the required motion. 

This is the principle of the coupling link between the two 
driving wheels in a locomotive engine. There are always two 
links, one on each side of the engine, and the cranks are of 
course at right angles. 

lienecessity-trf the second pair of cranks, with their link, is 
obvious upon a little consideration, and may be made very clear 
by constructing a small model of the arrangement ; it is only 
necessary to make the links move in different planes so that they 
may be able to pass each other. 

Art. 96. — We next observe that any point in PQ will describe 
a circle equal to either of the circles described by P or Q so long 
as PQ remains parallel to itself and hence that a third crank 
equal to either CP or BQ and placed between them, would be 
driven by PQ and would further prevent PQ from getting into an 
oblique position at the dead points, or would produce the same 
result as the second pair of cranks with the link in the locomotive 
engine. 

Again, the same would be 
true of any point R in a bar SR 
connected rigidly in any way 
with PQ the point R would de- 
scribe a circle equal to either of 
the primary circles so long as PQ 
remained parallel to CB. 

Also, if a crank were supplied 
at ER, the three cranks would 

go round together, and PQ would xercisan p^2lSis5i.\.Ck>X^^» 

I 2 



Fig. 131. 




Elements of Mechanism. 



"1 

r, are ceii^ ■'! 




Conceive now that three equal cranks, Vp, Q^, Rr, are ceil^ ■ 
tred at equal distances along a circle PQR, as shown in fig. 132, 
P^^ ^^^ and let a second circle ^p^, equal to 

PQR, be jointed to the cranks at 
the points, /, ^, r. 

If the circle p^r be shifted so 
that the cranks are allowed to rotate, 
* each of them will describe a circle, 
the respective cranks will always re- 
main parallel to each other, and the 
circle /j?y will move in such a man- 
ner that any line drawn upon it re- 
mains always parallel to itself. 

Hence the circle /?r may be 
employed as a driver to rotate all 
three cranks at the same time, and 
while doing so, it will itself sweep round without the slightest 
movement of rotation upon its own centre. 

It has what is sometimes called a motion of circumduction. 
Art. 97, — A very small alteration in the construction will 
give a combination which has been useful in rope-making ma- 
chinery, and which was the first movement suggested for feathering 
the floats of paddle-wheel steamers. 

Let the centres of the two circles PQR and /y?- be made fixed 
P ^ centres of motion, and let P/, Qy, Rr, 

^ , remain as before. 

A power of rotation will now be_ 
given to both the circles, and Fp, Qg, ' 
Rr will be the connecting links which 
always remain parallel to CB, the line 
of centres. That is to say, the rotation 
of the circle PQR, about the centre C, 
will cause an equal rotation in the 
circle/^/", about its centre B, and P/, 
Qg, Rr, must remain parallel to CE. 
It is the same combination that we 
started ^-'ii^i, mMci a, diffetetit aspect, 
by reason that the proportionate sue oi \>\e ■^veK.es, \^aa \«kb. 
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changed. The two circles have been enlarged and brought to- 
gether, so that their circumferences overlap, and CP, B/ are the 
parallel cranks. 

Regarding the contrivance as a method of feathering the 
floats in paddle wheels, we find that, in the year iSrj, Mr, 
Buchanan patented a form of paddle wheel in which one circle, 
as PQR, carried the floats, and another circle, pqr, rotating with 
the former, held these floats always in a vertical position, and so 
made them enter the water edgeways, instead of striking it obliquely 
with the flat surface, as is the case in an ordinary paddle wheel 

Art. 98. — This wheel of Buchanan has not been used for 
very sufficient reasons. It is not a good arrangement for the floats 
to enter the water in an exactly vertical line, because the motion 
of the vessel must compound with that of the floats, and the sup- 




posed vertical path will not be one in reality, any more than it 
would be in the case of a stone dropped from the same vessel 
into the water. The stone appears to fall in a vertical line, but is 
really projected forwards. 

According to this view the float should enter the water at an 
angle such that its line of direction wi\\ "pass toou^'&ft'^w^"^'' 
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point of the wheel, this being the direction of the resultant of Ifift 
two equal rdocities impressed upon a point in the wheel, the one 
being that due to the vessel, the other being due to the rotation of 
the wheel. 

This result may follow very closely from the construction in 
the drawing, which represents Morgan's wheel, where the floats are 
connected by rods with a ring that rotates round a fixed centre in 
the paddle-box. The floats are attached to small cranks and 
pivoted upon centres, one of them (the lowest in the drawing) 
being driven by a rigid bar which springs from a solid ring. Each 
float passes the lowest point in a vertical position, and is some- 
what inclined when entering or leaving the water. 

Art. 99. — In the conversion of circular into reciprocating 
motion by two cranks and a connecting link, it is a condition of 
the movement that the connecting link shall swing through a 
given angle. 

This fact has been usefully applied in wool-combing machinery, 
and in 1852 Messrs. Lister and Ambler patented (No. 13,950) an 
improved arrangement for transferring wool from one carrying 
comb to another in the act of working the same. 





The diagram represents the combination CPBQ, the connect- 

; hnk QP being prolonged to E, and carrying a comb at its 

extremity. H and F are two fixed combs, and the object in view 

o detach a (ock of wool frovoH b^ ibe eom'ci E.,ii.^\d to transfer 

3 F. The proportions of the pavte are so dRCKKs. ■Cww. OS -^ja- 
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fonns com[^ete revoltuioiis, and the positioiu of the passing comb 
aie shown. In the left-hand fignre £ is in the act of rising 
throu^ the wool at H, and detaching it, while the other sketch 
shows £ as about to deposit the tuft on the distant comb F. 

Art. 100. — The changes in the position of PQ may also be 
applied to a useAil purpose when both the aims CP and BQ make 
complete revolutions. 

A remarkable instance occurs in a mechanical ventilating 
machine proposed some years ago by M. Lemielle as a substitute 
for furnace ventilation in mines. 




The apparatus consists of a circular chamber of masonry com- 
municating by an air passage A with the shaft of the mine on one 
side, and having a dischaige opening D on the other side. Within 
the chamber is placed a revolving drum centred on an axis at C, 
and having shutters or vanes, as PQ, connected by rods, as BQ, 
with a second fixed axis at B. 

// is apparent that CPBQ forms our weW-Vcvowci (Si^^vcaisiKSa, 

( 
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and, with the proportions in the drawing, it is also clear t! 
EQ will both make complete revolutions. 

In doing so, PQ opens out and closes up again, sweeping out 
before it the air in the open portion of the chamber, and driving 
the mass before it from A to D. 

The several positions of PQ are shown z.\.pq,p'^, and it will 
be seen that PQ begins to open out on the left-hand side, and gets 
to its extreme position at or near to pq. In practice there are at 
least three vanes employed, as shown. 

A 'Lemielie ventilator' has been constructed and set to work 
where the chamber is 14ft, in diameter and 7 fL deep, with a (an 
making some 37 revolutions per minute, and discharging in that 
time 25,000 cubic feet of air. 

Art. ioi. — In sewing machines the 'shuttle race' or path of 
the shuttle is commonly a straight line, but the shuttle is some- 
times caused to oscillate to and fro in a circular arc. 

The drawing shows an arrangement for this purpose, founded 
upon the above combination of two cranks and a connecting link 

Here the shuttle S is carried in a frame which oscillates on a 
fixed centre at B. The driver is a pin P placed on the face of a 
cam-plate whose centre is at C, and connected by a link PQ to 
the stud Q attached to the frame carrying the shuttle. The plate 
carrying P is not circular, and its edge A is used as a cam driver 
for another part of the operation of the machine. 



o 




It is apparent that we have assigned such dimensions to the 
working parts, viz., CP, BQ, and PQ, as -nill produce the result 
tAat Q will oscillate while P perfoTtns iiom^\eXe te'stita.'w.QTCi. 



I 



Hani Shearing Jfackine, I2I 

AccQidin^y, the left-baDd diagram shows tKY> extreme posi> 
tions of S and of the 6ame. It will be seen that P describes a 
onde of ladras CP while Q moTTCS throng a poition of the dotted 
circular arc formed round the c^itre, R The carrying backwards 
and forwards of the shuttle is thus arrived at very simply. 

Art. I02. — ^The combination CP, BQ, and PQ appears in the 
form of a hand machine for cutting m^ak. 

The diagram will make the construction quite apparent The 
lever BH, having a handle at H and a fulcrum at B, is connected 
by the link PQ with a second piece CP canying a knife-blade. 
This latter piece has a centre at Q and the cutting is performed 
by depressing the handle H. 

Fig. 138. 




As a question of mechanism it will be found that the angular 
motion of CP is much less in amount than that of BH, and the 
principle of work comes in and affords an easy explanation of the 
power of the machine. 

A skeleton diagram will show the mechanical advantage, 

Let S be the force applied at H, 

R the resistance in cutting the metal as felt at D. 

Then, if T be the thrust in QP, we have — 

TxBQ = S xBH, 
RxCD = TxCP. 
.•.RxBQxCD = SxBHxCP 

...R = Sx|^^|,. 
BOxCt) 
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ThenR = Sx'-5-^-^ . 
= 40 S, 
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which is a much better result than would be obtained by tl 
of a single lever CH carrying a knife. 

AsT. 103. — The combination of two unequal arms with a o 
necting link forms the celebrated Stanhope levers which have been 
so generally employed in printing presses worked by hand. 

From the invention of the Art of Printing in the year 1450 till 
the year 1798 no material improvement was made in the printing 
press. The earliest representation of a press occurs as a device in 
books printed by Ascensins. There is scarcely any difference be- 
tween it and a modern press, and it is truly a matter of astonish- 
ment that so long a f>eriod as 350 years should have rolled on 
without some improvement being made in so important a machine. 

The wooden press consists of two upright pieces of timber 
joined by transverse pieces at the top and near the bottom ; a 
screw furnished with a lever works into the top piece, and by its 
descent forces down a block of mahogany, called the 'platten.'and 
thus presses the sheet of paper upon the type, which is laid upon 
a smooth slab of stone embedded in a box underneath. In the 
year 1798 Lord Stanhope constructed the press of iron instead of 
wood, and at once, transferred the machine from the hands of the 
carpenter to those of the engineer ; he further added a beautiful 
combination of levers for giving motion to the screw, causing 
thereby the platten to descend with decreasing rapidity and conse- 
quently increasing force, until it reached the type, when a very 
great power was obtained. 

These levers consist of a combination of two arms or cranks, 
CP, BQ, connected by a link, PQ, in such a manner that the con- 
necting link shall come into a position perpendicular to one of the 
arms at the instant that it is passing over the centre of motion of 
the other arm. 

In order that this may happen, it Is evident that the various 
pieces must satisfy the relation. 

PQ-CP = N/'CS?-fiQ?. 
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Fig. X39. 




For the convenience of the workman who is employed upon 
the press, a handle, CA, is attached to the crank, CP, and moves 
as part of it, but the intro- 
duction of this handle does 
not affect the principle of 
the movement, which, re- 
garded as a question in 
mechanics, depends simply 
on the combination of CP, 
BQ, and PQ. 

If, now, a force, F, be 
applied at the end of the 
handle, AC, so as to turn 
the crank, CP, uniformly in 
the direction indicated, the 
arm, BQ, will, under the 
conditions already stated, 
move with a continually 
decreasing velocity until it comes to rest, and then any further 
motion of CP wi'l cause BQ to return. 

The lower diagram shows the levers in this extreme position, 
and the graduated scales at P and Q indicate the relative angular 
movements of CP and BQ. 

Now the motion, interpreted with relation to the transmission 
of force, implies that the resistance at Q necessary lo balance the 
moving jx)wer which turns the crank is increasing rapidly as the 
rotation of BQ decreases, and that there is no limit theoretically 
to the pressure which will be felt as a pull at Q by reason of the 
force F. In practice this extreme pressure is exerted through so 
very small a space that the theoretical advantages are scarcely 
realised, but the arrangement is exceedingly useful as applied in 
the printing press. 

The lever BQ is there employed to turn the screw which acts 
upon the platten ; the workman gives a pull to the handle AC, 
and by doing so causes the platten to descend with a motion which 
is at first considerable, and afterwards rapidly dies away. Thus the 
limited amount of power which is being exerted cjoTcves. OMl^'uV^Jci 
greatly magniSed e&ct in impressing the papec upotv^Jcv&Xrf^ 
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In order that tliis contrivance may be better under- 
,40. stood, take the annexed sketch 1 

represent it, and draw CN perpen- 
dicular to PQ. 

A force F acting at A in a direc- 
tion perpendicular to CA would be 
balanced by a force S acting in PQ, 
such that 

SxCN = FxCA, 

c FxCA 

or S=.-^^-. 

This force S, necessary to balance F, would be supplied by the 
resistance to motion in the arm BQj and would, in fact, be the 
pull felt at Q. Now, as the arms turn, the link PQ gets nearer and 
nearer to C, and CN becomes less and less until it has no appre- 
ciable magnitude, and the consequence is thai S increases enor- 
mously in the last instant of the motioa 

Ex. Let F = 2olbs., CA = 2o inches, CN = -j'„th of an inch, 
we have 

S ^ — - — ■ lbs. ■=■ 4000 lbs. 
nr 
Art. 105. — In the Stanhope levers the work is completed just 
as PQ overlaps CP, and there is no advantage to be gained in 
carrying the motion further ; but regarding the combination in its 
general form, it has been shown that the joint CPQ straightens 
into a line twice while CP is making a complete revolution. 

When this happens we obtain a subordinate combination of 
levers, which is known as a ^nuckle joint, or toggle joint., and is 
commonly used in hand printmg presses, as well as in machinery 
for punching and shearing iron. 

The first form of the joint is shown in Fig. I4r, where two 
arms, CP, PQ, generally equal 
'"' '*'■ in length, but which may be 

unequal, are jointed together, 
the point C is fixed, and the 
end Q exerts a pressure which 
ma-j be earned, on by a piece 
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The force F, which produces the result, is supposed to act upon 
:he joint at P, and the reaction S, which is felt at Q, will be trans- 
nitted also to P in the direction QP. 

Let the thrust, so set up in QP, be called R, and draw CN 
)erpendicular to PR. 

Then, by the principle of the lever, we have 

R X CN = F X (perpendicular from C upon F). 

But as CPQ straightens, CN diminishes, and ultimately becomes 
qual to zero while the product F x (perpendicular from C upon 
' ) remains approximately constant. It follows, therefore, that the 
Toduct of R X CN remains nearly constant while CN diminishes 
3 nothing, but this can only happen if R increases in the same 
roportion that CN diminishes, that is, without limit Hence the 
ower of the combination. 

It is upon this principle that the heavy chain of a suspension 
ridge cannot be stretched into a straight line ; it would break long 
efore it straightened. 

In the same way, if the joint be doubled back, the point Q 
s€m%fixed^ and the force F being supposed to act in. a Une per- 
•endicular to CQ, we shall 
Lave the pull upon C, which 
ire may call R, felt as a pres- 
ure in the line CP. • 

If now QN be drawn per- 
)endicular to the direction of 
^ as felt at P, the principle of the lever gives us the equation 

RxQN = FxQM, 
ind R becomes infinite when QN vanishes, or when CP is passing 
)ver Q. 

Art. 106. — If the toggle joint be regarded merely as a means 
)f communicating a slow motion to the end of one of its pair of 
evers, it is not without practical utility. 

But inasmuch as any force which may be transmitted through 
juch a joint must be intensified at the period of slow motion, we 
ihall generally find that some work is being done which demands 
m increase of pressure. 

The joint is often attached to a revoWmg^ci2LXiSL^tAcQ>xcwy^c^^ 
od as shown in the diagram, where vye V\aN^ \!w^ c^\s^\xv^^'^ 
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CPQB as in Art. 105, with the addition of a rod EQ jointed ti 
and guided so that the end E moves in the line BR. 

F.c 143. ^"^ ^'^'^ ^^^ C should be in the ver- 

tical hne passing through Q when the 
.^ joint is straightened, and PQ should be 
just long enough to reach the lowest 
point of the circle at the same instant 
It will follow that the joint can, under 
these circumstances, straighten itself 
only once during a complete revolution 
of CP, and the contrivance may then 
be applied so as to obtain a decreasing 
motion of the point E, and thereby to 
transmit a pressure which greatly and 
rapidly increases. 
P An example occurs in printing machinery, where a knuckle 
iftt, actuated by a crank exactly as described above, is employed 
to depress the platten upon the impression table, and so to effect^ 
in a large machine worked by steam power, the same tiling which 
is done on a smaller scale by the pull of the lever of a hand press. 
In the case last treated, the point Q never passed below the line 
BR, and thus the joint only straigbtened itself once during a revo- 
lution of CP ; it is possible, however, to cause this straightening 
to occur twice in each revolution of the crank, and to effect this, it 
is only necessary to shift the point C a little nearer to BR, so that 
the joint may straighten when P is upon either side of the lowest 
or highest point of its circular path. 

The sketch shows the knuckle joint as applied to a movement 
of this character in a power loom (fig. 144). 

In this case the joint will straighten when P arrives at certain 
points on either side of the vertical line CA, as shown by the posi- 
tions of CP, CP', and thus we shall find that the point Q falls below 
BE, as well as rises above it, and that there will be two posidons 
of P upon either side of A in which BQE becomes a straight line. 
In weaving, the thread of the weft requires to be beaten up 
into its place after each throw of the shuttle ; and in some cases, 
as in carpet weaving, two btaU are wanted instead of one. 

The arrangement which we aie nQfl &y:\issffv?,\>as,\ittiTv\tf^ 
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to actuate the movable swinging frame, or batten, which beats up 
the weft, and the result is that two blows are given in rapid suc- 
cession. 

Fig. X44. 




In the figure referred to, EF is the batten, movable about F 
as a centre, and it is clear that when the crank takes the positions 
CP, CP', the joint BQE will straighten, and, as a consequence, the 
batten will be pushed as far as it can go to the left hand, or a beat- 
up of the weft will take place. 

We thus solve the problem of causing a reciprocating piece to 
make two oscillations for each complete revolution of an arm with 
which it is connected. 

Art. 107. — ^This principle of obtaining two vibrations of a 
bar for each revolution of the driving-crank may be extended still 
further, and we will alter the construction so as to obtain four 
vibrations instead of two. 

The arrangement of the knuckle joint BQE and the crank CP 
remains as before, but the arm QE is now connected with a secoad 
knuckle joint FDL, and the piece AK, vj\\\c\v \^ \.o \^c£vn^ jour 
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It is clear that the joint FDL will straighten itself four times in 
each revolution, vii., when the crank CP is in the positions marked 
!> 2, 3, 4, upon the circle, and thus AK will make four complete 
vibrations for each revolution of the crank. 

In other words there are two positions of the joint BQE in 
which FDL straightens, and each of these positions of BQE is 
obtained by two distinct positions of CP. 

By recurring to the earUer part of the chapter, we shall under- 
pin. ^^^ stand that a cam-plate movable 
about C, and shaped as in Fig. 146, 
may be employed to drive the bat- 
ten, and may replace the above com- 
bination, being, in point of tact, a 
mechanical equivalent for it. 

The roller V is tJien ccnnected 
with levers attached to the batten, 
and the beat-up occurs when P 
passes through the hollows upon 
each side ol Vfte i^iisi&okiTv ^N. Q„ 
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Art. ioS. — The Parallel Motion used in steam-engines was 
the invention of James Watt, and was thus described by himself 
iathe specification of a patent granted in the year 1784 ; — 

' My second new improvement on the steam-engine consists 
in methods of directing the piston rods, the pump rods, and other 
parts of these engines, so as to move in perpendicular or other 
straight or right lines, without using the great chains and arches 
commonly fixed to the working beams of the engine for that pur- 
pose, and so as to enable the engine to act on the working beams 
or great levers both by pushing and by drawing, or both, in the 
ascent and descent of their pistons. I execute this on thr^e prin- 
ciples. . . . The third principle, on which I derive a per- 
pendicular or right-lined motion from a circular or angular motion, 
consists in forming certain combinations of levers moving upon 
centres, wherein the deviations from straight lines of the moving 
end of some of these levers are compensated by similar deviations, 

in ojiposite directions, of one end of other levers.' 

The annexed sketch is copied from the original drawing def 
sited in the Patent Office. 




.B is the working beam of the engine, PQ the piston rod c 
pump rod attached at P to the rod BD, which connects AB ancb] 
I another bar, CD, movable about a centre at C 

'When the working beam is put in motion the point B d^^f 
L scribes an arc on the centre A, and the point D describes an arc o 
e centre C, and the convexities of these arcs, lying in opposite 
\iiiecdons, compensate for each Other's \aiiia.t\oii lioro. a. Sj'ks^ 



r 
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line, so that the point P, at the top of the piston rod, or pump 
rod, which lies between these convexities, ascends and descends 
in a perpendicular or straight line.' 

Art. 109. — This invention being an example of our comlM- 
nation of two cranks and a connecting Unit, we proceed to discuss 
it in a careful manner, and to examine its peculiar features. 

The lines AB and CD in the diagram represent two rods 
movable about centres at A and C, and connected by a link, BD, 
If BD be moved into every position which it can assume, the path 
of any point P in BD will be a sort of figure of eight, of which the 
portions which cross each other are nearly straight lines. 

At the beginning of the motion let the rods be so placed that 
the angles at B and D shall be right angles. 





We shall now endeavour to discover that point in BD which 
most nearly describes a straight hne, and in doing so, we first re- 
niark that BD begins to shift in the direction of its length, and 
therefore that the straight line in question must coincide with BD. 

The exact position of the so-called parallel point, that is, the 
point P in Watt's diagram, is determined very simply by analysis, 
and we shall give the investigation immediately. But we can 
readily predict where it must be found. 

As stated by Watt, the points B and D describe circular arcs 
about the cenlres A and C, the convexities of these arcs lying in 
opposite directions, and if AB. and CD be equal, the parallel point 
P must be so placed that its tendency to describe a curve with a 
convexity approaching to that of the path of B is exactly neu- 
tralised by its tendency to describe a.T\Qther curve with a like o 
vexity in the opposite direction due xo ixa cQ-MifcCCvovi -r\'&v CXi, i 
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Hence P must lie in the middle of BD, and being solicited by 
so equal and opposite tendencies, it will follow the intermediate 
Durs^ which is a straight line. If, however, AB and CD are un- 
gual, the path of the point P will be affected by the increased 
)nvexity due to its connection with the shorter arm CD, and in 
rder to escape from this effect it will be necessafy to move P 
vay from D, and to bring it nearer to the arm AB, whose ex- 
emity traces out a curve of less convexity. 

It may be expected, since we are dealing with circular arcs, 
lat the point P should now approach B in a proportion identical 
ith that given by comparing. AB with CD, or that we should have 

BP CD . . ^ 
:;^^=-r^j as m fig. 150. 
PD AB' ^ ^ 

It is very easy to construct a small model, and to verify in this 
ay the principle of Watt's parallel motion. 

If the arms AB, CD, be equal, but the describing point P does 
ot bisect BD, but is brought near to the end D, as in fig. 149, the 
sgular loopied curve will become distorted and will incline towards 
\ in the manner shown in the diagram. 

Art. 1 10. — Refer now to fig. 150, and suppose the rods to be / 
lOved from the position ABDC into another position KbdC 



Fig. 150. 



FjG. 151. 





Draw bm^ dn perpendicular to AB and CD respectively, and let P 
)e the point whose position is to be determined. 

K2 



\ 



r 
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We shall suppose in what follows that the motion of 
CD is restricted within narrow limits, and shall deal approximately 
with our equations, by putting 

sin - = -, and sin - =-, 



^ — - nearly. 

But the link only turns through s. very small angle, which may 
be considered to be nothing as a first approximation, in which case 
the vertical motion of B is equal to that of D, 

,■, hm ^ dn, or- r sin fi ^ i sin ^, 
whence r = i * nearly. 



CD 

AB' 



I 



i.e., the point P divides BD into two parts which are invereely a 
the lengths of the nearest radius rods. 

In the case considered, which is that which occurs in practice, 
the parallel point lies in the connecting link, but if the rods be 
arranged on the same side of the link, as shown in fig. 151. the 
required point will lie in BD produced, and on the side of the 
longer rod. 

Suppose now the rods to be moved into the position AidC, 
and draw i/i, dl peqjendicuJar to BD and BD produced re- 
spectively. 

Then ^^ = *-^ = ^lii^^^^^ = '^^ ■ 
rfP il s (^i— cos t^i^ si^* 
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Also r =^S(p , by parity of reasoning, 






l^_r s^_s 
d? s^f^ r 



that is, :j7: = -7-, 



Cd 

id the point P obeys the same general law whether it be found 
I the link itself or in the prolongation of the line of its direction. 

Art. 1 1 1. — ^We have supposed that sin = and sin 9 = in 
le previous investigation, and have examined the motion of that 
oint in the connecting link which most nearly describes a straight 
ne. We shall now inquire how much P really deviates from the 
ictilinear path at any given period of its motion. 

In practice, the beam of an engine seldom swings through an 
igle of more than 20° on each side of the horizontal line, and 
ithin that limit the error consequent upon our assumption that 
le sine of an angle is equal to its circular measure would not be 
3nsiderable : for we find, upon referring to the tables, that the 
ircular measures of angles of i, 5, 10, 15, 20 degrees, and the 
atural sines of the same angles axe the following : — 



1 
1 

Angle 


Circular Meas. 


Natural Sine 


Difference 


1° 


•0174533 


•0174524 


•0000009 


5" 


•0872665 


•0871557 


•0001 108 


10° 


•1745329 


•1736482 


•0608847 


15° 


•2617994 


•2588190 


•0029804 


20<» 


•3490659 


•3420201 


•0070458 



In an engine of the usual construction AB is equal to CD, and 
ire shall simplify our results by making this supposition. 

Let BD move into the position bd, and turn through an angle 
1 ; it is very apparent that within the limits to which the rods 
nove in practice, a will be much less than Q or 0, so that we may 
egard a as a close approximation to the actual value of sin a even 
irhen we do not adopt the same supposition wkb. le^^ctd \.c> ^ -axA 
!, The object of the investigation will be to deteiiftm^ <V ^ V'era^Sk 



r 
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of D, and we shall see that the deviation sought for depends 
the difference of tlie cosbes of ^ and ft 
t Fi^. 153. As before, observing that i = r, we have 

h /, B« = r(i-cosfl), 

■ sid£ 



idssponfl 



(0. 



Let BD = ^ then / + mb = / cos a + E 
or / + r sin 9 = / cos n + '" sin f, 
.'. r sin (p = r sin fl 4- ^ (i— cos a), 
Now « being the angle through which BD is '- 
twisted, and being moreover very small, we shall have 
o = Bw/ -t- dn, very nearly, 1 

= r (i— cos a) + r{i —cos ^) 
= z ^ (t —cos fl), since ^ is nearly equal to (J. 
a = -^ { I — cos 8) very approximately. 

By substituting in equation (i) we can calculate ^ with con- ' 
siderable accuracy, and then the deviation of P from the vertl^ 
= — = -, (cos 9-C03 -p). 



and can therefore be ascertained. 

. Let = -, and assume r=: 1 = 50 in., I = 



30 in. 



- (-0603074) = -2010247, 



■ a represents the angle 1 1° 31', 
Substituting in equation (i) we have 



:il=3l-) 
51333) 



= -3420201 + 3 (-o 

= ■354IOOI- 
.'. ^ represents an angle of 20" 44' nearly. 
Hence the deviation of P from the vertical 

= 5^ (cos 2o''-cos 20° 44) =25 (-0044544) 
^ ^igth of an inc\\ av^ioiC-ffM-V-^v-i . 
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. It. may be shown that this amount of deviation is again capable 
of reduction if we cause the centres of motion, A and C, to 
^proach each other by shifting them horizontally through small 
spaces. 

Art. 112. — ^The point B, whose motion has been examined, 
is usually found at the end of the air-pump' rod. . We have now to 
obtain a second point, also describing a straight line, and suitable 
for attachment to the end of the piston rod. 

We require, in the first instance, to know when two curves are 
siitiilar, and in a Cambridge treatise on Newton's * Principia ' the 
test of similarity is stated in the following terms : — 

Two curves are said to be similar when there can be drawn in 
them two distances from two points p^^ 

similarly situated, such that, if any 
two other distances be drawn equally 
inclined to the former, the four are 
proportional 

Ex, Thus all parabolas are similar 
curves, and all ellipses with the same 
eccentricity are similar curves. 

Let A, A', be the vertices, S, S', the foci of two parabolas. 

Then SA, S'A', are two lines drawn from two points similarly 
situated, viz., the foci of the curves. 

Let SP, ST' be radii inclined at the same Z. ^ to SA, S'A' 

respectively. 

2SA 




Then SP= 
S'F= 



i+cos 0' 

2S'A' 



I + cos 6 
. SP^SA 
• ' ST' S'A" 

whence the curves are similar, and there is no exception to this 
rule. 

Those who are conversant with the properties of a parabola 
know very well that it represents, with great exactness, the path of 
a stone thrown obliquely into the air, and gives the theoretical 
form of the path of a projectile when unaffected by the resistance 
of the air. 
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The similarity of all such curves to one another is by no meam 
evident upon cursory observation, but it is at once established by 
this simple reasoning. 

In the case of ellipses, we proceed in a similar manner, and 
now S and S' represent the foci of two ellipses of eccentricity ( 
and e' respectively. 

HereSP=-?Ail±4 



.-. S'P' 



_S'A'(i- 



Let now ^=i^, the eccentricities being identical, 
,. „„ SP SA 

or the curves are similar only under the condition stated. 

Art, 113. — Without any further enquiry into the nal 
the curves which satisfy the condition of similarity, we wiH' 
on to examine an extremely useful instrument called a Pantografitil 
which is formed as a jointed parallelogram with two adjacent sides 
prolonged to convenient lengths, and is used to enlarge or reduce 
drawings according to scale. 

This parallelogram was incorporated by Watt into the inven- 
tion of the parallel motion, and gave it that completeness which it 
has at the present time. We have now to show that the panto- 
graph is an apparatus for tracing out similar curves. 

In the diagram, let BQRC represent a parallelogram whose 
p,^ „, sides are jointed at all the angles, 

and havmg the two adjacent sides 
BC, BQ, lengthened as shown. 
Take a point S, somewhere in BC 
produced, as a centre of motion, 
place a pencil at any point P' in 
the side RC, produce SP' to meet 
BQ, or its prolongation in F, 
place another pencil at P, when 
it will be found that by moving 
about the frame over a sheet of 
papet, o.^i a.\ VV.^ wtme time i 
' ths joints free play, it m\\ ^ie -^cft^vHe. \.o i^sraiw. -a^ 
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f curves that we please, and these curves will be similar to each 
ler. 

Our definition tells us that the two pencils will trace out 
nilar curves if we can show that SP always bears to SP' the 
me ratio that two other ^xed lines radiating from S, and to 
hich SP and SP' are equally inclined, also bear to each other. 

Conceive, now, that SCB originally occupied the position 
iA'A, and draw the line SA'A as a fixed line upon the paper, then 
76 shall always have 

SP SB SA , . , . ^ ^ ^. 

-—=-=—--, which IS a constant ratio, 

and the angle ASP is equal to the angle A'SP', therefore the points 
P and P will trace out similar curves so long as SPT remains a 
Straight line. ^ 

This is, therefore, the only condition which we have to observe 
in using the instrument. 

Art. 114. — ^We are now in a position to complete the Parallel 
Motion of a Beam Engine^ for if one of the points describe a 
straight line, the other must do the same. 

To the system, ABCD, we superadd the parallelogram BFED; 
ABF being the working beam of the engine. 

Fig. 155. 




The usual construction is to make the arms AB and CD equal 
to each other, in which case P, which is the point to which the 
air-pump rod is fixed, will be in the centre of BD ; whereas the 
second point E, which we are about to find, lies in AP produced, 
and is the point of attachment of the end of the piston rod. 

In order to find the side BF in this parallelogram BFCD. 
assume that AB = r, CD = x, BF = x. 

Then -=^ by similar triangles AB?, \^?^- 
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allel motion, ^^H 



-, by property of the parallel motion, 



which equation determines the proportion between BF, AB, and 
CD, in order that the second point sought for may lie at the 
vertex, E, of the parallelogram BFED, 

Thus we see that the complete arrangement consists of two 
distinct portions incorporated together. 

1. The combination of AB, CD, and BD, which compels some i 
point P to describe a straight line, the position of this point dc- ' 
pending upon the relation between AB and CD. 

2. The Pantograph ABFED, which has some point in FE, 
here for simplicity selected at E, that must necessarily describe a 
straight line parallel to the path of P. 

And, as we have stated, the points of attachment of the ends 
of the air-pump and piston rods to the main beam of the engine 
are thus provided for. 

Art. 115. — -Where a beam engine is used in a steam vessel 
the beam must be kept as low down as possible, and the motion is 
altered as in the figure, but it is precisely the same in principle. 

Beginning with ABDC, a system of two arms and a connecting 
link, we obtain the parallel pioint P ; we then construct the panto- 
graph CDBFE so as to arrive at the point P', whose path is 
similar to that of P. 

Here CE represents the beam of the engine, and P' is the point 
to which the end of the piston rod is attached. Draw GH parallel 




to FE, and let 



Then ^='^^= 
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. X DE-HD 






whence the positipn of the point P' is ascertained. 

Art, ii6. — A /'(ira/Zt'/Jft'/iiiH may also be useful in machinerj-. 
In the old process of multipljing engraved steel plates at the 
Bank of England, which was practised before the art of electro- 
typing was understood, it was necessary to roll a hardened steel 
roller upon a flat plate of soft steel with a very heavy pressure, and 
so to engrave the plate. The difficulty of maintaining this pressure 
I during the motion of the roller upon the surface was overcome by 
the aid of the parallel motion shown in the drawing. 




The system of jomted bars allowed the heavy frame C to 
traverse laterally, while the necessary pressure was obtained by a 
pull upon the end B of the lever AB, which lever was movable 
round A as a centre of motion, and was further cormected at B 
with some source of power. 

Art. 117. — A straight line motion which is founded on the 
proposition in Eudid that the angle in a scimsivtAe. is a. ■t*.'^ 
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erived fro» ' 




angle has been suggested by Mr. Scott Russell It is derived froOJ 
the ordinary crank and connecting rod. 

Let the rod RQ be bisected in P, and jointed at that point to 
another rod CP, which is equal in length to PQ, Suppose the 
p,^_ jjj^ point C to be fixed as a centre of 

motion, and the end Q to be con- 
strained to move to and fro in the 
line CQ, then R will move up and 
down in a straight line pointing also 
toC. 

Since CP = PQ = RP, the pomt 
P will be the centre of a circle passing 
through C, Q, and R. 

Also RPQ is a straight Une, and 
must therefore be the diameter of the circle, whence the angle 
RCQ is a right angle, or the point R must always be situated in a 
Straight line through C perpendicular to CQ. 

That is, the path of R is a fixed straight line pointing to C. 
The motion fails after CP has rotated through two right angles 
from the upper vertical position. The point Q then gets back to 
C and remains there. 

The motion is rather one for copying a straight line than for 
generating it, for the truth of the straight line described by R will 
be neither greater nor less than that of the guide CQ which directs 
its motion. 

Art, ii8. — The movement maybe analysed on the doctrine 
of harmonics. Taking the rods in the position shown, it is appar- 
F,o. ijg. ent that CP has moved from Q.p and 

^ that P has completed a harmonic mo- 

tion ni2 in a horizontal direction towards 
the right hand. At the same time PR 
has turned round P towards the left 
hand through a circular arc rR which 
is exactly the same as the corresponding 
path of P. The harmonic motion of R 
is therefore wR in a horizontal direction 
towards the Veft ha.r\d. 
the motion of P m ai4iU<iTi ^.o ta otiTi -vj^qi^ 
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movement round P as a centre, and the horizontal components of 
thesie movements are equal and opposite. Hence R describes a 
vertical straight line. 

Hereafter it will be shown that the backward rotation of RP at 
the same rate as the forward rotation of CP may be provided for 
by wheelwork, and that a straight line motion may be obtained 
without any guide along CQ. 

Art. 119. — Since the path of P is a circle round C it follows 
that if AB, DF, represent grooves on a plane surface, and the rod 
RQ has pins at R and Q 
working in the grooves, the 
circular motion of CP will 
cause R and Q to oscillate 
to and fro in AB and DF 
through spaces equal to 
4CP. And the converse is 
also true. 

This suggests an in- 
structive model. 

For if CP and PQ repre- 
sent an ordinary crank or 
connecting rod, CP being 
equal X.0 PQ, it will be found 

that the rotation of CP brings Q up to C and then the motion 
fails. The rods CP and PQ merely continue to maintain a circular 
motion 'round C. 

Whereas if QP be produced to R, such that RP = PQ, and a 
pin at R works in grooves lying in DF but not continued quite 
down to the centre C, the rotation of CP will cause Q to move 
from a distance 2CP on the right, up to C, and then to pass to a 
distance 2CP on the left of C, thus having a throw equal to four 
times the length of the crank. 

Art. 120. — Another form of parallel motion was devised for 
marine engines before the principle of direct action was so gene- 
rally adopted. It was fitted to the engines of the * Gorgon ' by 
Mr. Seaward, and has since been applied in a modified form to 
small stationary engines, which are convenient in the vforkshox^^ 
and are known as Grasshopper engines *, but exce^X. ^o to ^s» "^^ 
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latter application is concerned, it has not been regarded with par- 
ticulai favour. 

It is, however, remarkable as illustrating a mechanical principle 
for reducing the friction upon an axis, by causing the driving pres- 
sure and the resistance to be overcome to act upon the same side 
of the centre of motion ; for here the connecting and piston rods 
are both attached to the rocking beam upon the same side of its 
axis. In this respect it has an advantage, for in ordinary beam 
engines the pressure upon the fulcrum of the beam is the sum of 
the power and the resistance, whereas here it is the difference of 
these forces, and the friction is proportionally diminished. 

It is derived from Scott Russell's motion by replacing the guide 
by a portion of a circular arc of comparatively large radius. For 
the purpose of explanation we refer to the diagram, where the line 
HSP corresponds to the line RPQ in the last article, the point P 
moving very approximately in a horizontal Une by reason of its 
connection with PQ, which has a centre of motion at Q, and the 
point H being that which most nearly describes a straight line. 
The system of rods is then TS, HSP, PQ, the points T and Q 
being centres of motion. 

Draw SR and HK perpendicular to TP, and SV perpendicular 

toHK, 

, . . ,TS = al „p ^ STR=e 
andlet c„_j ) SP = f, gpj^_ 





ThenTR = a cos = n /'i-a sin''-^ 



PeaucMitr*s Invention. 
SV=^ cos = ^ f ^""^7 nearly, 
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.-. TK=^j-^ 



ab^ 



+ 



But the point H describes the straight line HK, 

.•.TK = <z-^, 



whence we have 



= o. 



2 2 

or ad^ = Ifip^, . 

But ?=sm_^=^ nearly, 
c sine 6> -^^ 



or SP is a mean proportional between TS and SH, a condition to 
be fulfilled by the rods giving the parallel motion. 

In a grasshopper engine PH is the working beam, and PQ is a 
vibrating pillar at one end, the piston rod is attached at H, and the 
connecting rod is jointed to some convenient point in the beam. 

Art. 121. — The important discovery of the method of drawing 
a straight line by a combination of bars jointed together, and some 
of which are movable upon fixed centres, was first made public 
in the year 1864 by M. Peaucellier, an officer of Engineers in the 
French army. 

The combination consists of seven bars, as in Fig. 162, whereof 
CR = CS, C being a fixed centre of motion ; ED = ^ DC, the 

Fig. 162. 




point E being a fixed centre of motion ; and FR = RD = DS = SF, 
the whole of the respective bars being so jointed at their ends as 
to permit perfect freedom of motion in the plane of the paper. 
If the system be moved within the \im\\s ^?&^"^\s^ '^s. ^<3^- 
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struction the diamond -shaped figure FRDS will open act or dose 
up, the points R and S will describe circles about C, and the point 
D will describe a circle, which, if completed, would pass through 
the point C, but F will describe an exact straight line. 

To prove this we refer to Fig. 163, where the bars have been 
moved upwards, one half of the combination being left out for 
greater simplicity In the diagram. 

^^^^^ Join CP and produce it to Q, and draw RN perpendici 
W to PQ. 

■ Let CR = f, PR = A PN = NQ = .v, NR=;'. 
K Then i^=y+(a:+CP)», 

■ .-. ^~b^ = CP»+ aa: X CP 

W. =cp(CP+2*) 

F =CPxCQ. 

When the rods are in the normal position, as shown In 
let Q be at the point F. Join FQ and PD. 
Then by parity of reasoning we have 

CD X CF = <r»-3«= CP X CQ. 

,-. CD :CP;:CQ: CF 

Hence in the triangles CQF, CDP there is one angle common 

to each, viz., the angle QCF, and the sides about this common angle 

are proportional : therefore the triangles are equiangular and the 

angle CPD = angle QFC (Euclid, book vL prop. 6). 

But CPD is the angle in a semicircle, and is therefore a right 
angle ; hence QF is perpendicular to CF, and Q lies always ia a 
straight line through F, which is at right angles to CF. 
Hence the point Q moves in a sXiav^vUtve. 



!s in »j 
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It is universally admitted among scientific men that this is 
a discovery of the highest value as a contribution to the science 
of geometry, and the student will do well to examine it carefully 
in detail For this purpose he should take the combination when 
unfettered by the bar D£, and should establish by trial the rela- 
tion between the sides, viz. : — 

CDxCF = CR«-RD« 

It is usual to call the figure FRDS a cdl^ the points D and F 
being the poles of the cell, and the arm ED being introduced 
simply to control the motion. 

Thus, if the pole D describes a circle of any given radius round 
some point in the direction of DC, the pole F must of necessity 
describe another circle whose centre lies also in the same line — it 
may be that these fiagments of circles have their convexities in the 
same or in opposite directions. All that is a matter for trial or 
study. And, again, the relative sizes of the circles will, vary, so 
that it becomes possible to draw an arc of a circle of almost any 
required radius. 

The case in the text is where the two circular arcs, which 
always coexist when £D is centred at some point £ in DC, or 
that line produced, are so related that the radius of one of them 
becomes infinite. 

Art. 122. — In modem engines, the principle of the expan- 
sive working of steam is extensively carried out, and there are 
often two steam cylinders in the place of one, viz., a high-pressure 
cylinder of small dimensions, and a larger, or low-pressure cylin- 
der by the side of it 

The steam is first admitted into the smaller cylinder, passes 
from thence into the larger one, and finally escapes into the con- 
denser, as in an ordinary condensing engine. 

The use of these double cylinders, with a swinging beam, 
necessitates a more complex form of parallel motion, but it is 
quite easy to understand the construction if we remember the 
principles already investigated. 

The diagram, fig. 164, shows the arrangement of the Pump- 
ing Engine at the Lambeth Water Works, "wVveie fe\a ^tsj^tvss. ^S. 
ISO H.P. are placed side by side, arranged *m Vwo ^^accR^ ^^'^^ "^^ 
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working into one shaft, with cranks at right angles and a fly-wheel 
between them. The stroke of the crank is equal to that of the 
larger cylinder, but ihe smaller cylinder, which receives steam 
direct from the holier, has a shorter stroke, and its effective capa- 
city is about one-fourth that of the large or low-pressure cylinder. 
The peculiarity of the engines consists in the use of a crank and ■ 
fly-wheel for controlling the motion of the pistons. The main 
pumps are connected with the beam near the end R. 




The first part of the parallel motion for connecting the tvfo 
piston rods with the beam of the engine consists of the portion 
CDBA, C being a fixed centre of motion, and A being the axis of 
the beara. In this portion the two arms, CD, AB, and the link 
BD give the parallel point P. 

J/ ws now join AP, and produce it to meet the sides of the 
5u/jera(fded parallelograms in the points Y. Mvi\^-«^%\^a.\l obtain 
two other points whose motion ia ^mWai vo&aXCil"?. "^q ^-sr^ 
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points the ends of the piston rods must be attached, and the 
arrangement is complete. The addition, therefore, of an inter- 
inediate bar, FEK, parallel to the side ML of the ordinary 
parallelogram, gives us what we require. 

Art. 123. — So likewise, in the parallel motion of Peaucellier, 
the superposition of the pantograph will give two or more points 
describing straight lines. 

Taking the ordinary combination, produce the lines CR, CS 
to the points H, L, making CH=CL, and add two bars, HT, LT, 

Fig. 165. 




of such length that they are respectively parallel to RP and SP. 
This parallelism must necessarily continue throughout the motion, 
and it follows that if PQ were drawn parallel to HR we should 
have an actual pantograph connecting P and T, just as Watt 
made it for a beam engine. Hence P and T must describe similar 
paths, which in this case are straight lines. 
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CHAPTER IV. 

i THE CONVERSION OF RECIPROCATING INTO CIRCULAR 



Art. 124.— It has been shown that the motion of a point 
in a circle results from the combination of two reciprocating 
movements — technically called simple harmonic motions^which 
take pla 'n 'ght Tnes at right angles to each other, and that 
singl harm ber straight line motion can produce i 



lar m y be converted into reciprocating motion by 
f the above movements, 
reciprocating into circular motion is not 
m kind, as we now require the creation of a 



Also, th 
•the sup]- 
The 
a problem 



movement, instead of its suppression. Such a creation is imp* 
sible in a strict mathematical sense, but is practically attainable by 
mechanical construction. 

We recur to the contrivance of the crank, CP, and connecting 
rod, PQ, as one of the most obvious methods of solving the pro- 
blem ; it being clear that the travel of Q in a line pointing to C 
will cause the rotation of CP, and will compel P to move in a 
circular arc, 

Sut unless CP possesses ineHia, 01 k attached to some heavy 
3. &y~-Khee\, which, when once set m tfio'i'atv, camwA sa&.- 
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denly come to rest, there will be two points where the power 
exerted at Q will fail to continue the motion, and these points are 
evidently at A and B, where CPQ straightens into a right line. 

It is usual to call A and B the dead faints in the motion, and 
P must be made to pass through them without deriving any aid 
from Q. 

In the existence of these dead points we note the failure of the 
contrivance as a piece of pure mechanism, and theory would tell 
us beforehand that it must fail, because we cannot create motion 
by mechanism any more than we can create force : we may 
modify or interchange without limit the movements which exist 
among the parts of a system, but there our jMwer ends. And, 
accordingly, the continuous rotation of CP can only be provided 
for by storing up in the arm itself, or in some body, such as a fly- 
wheel, connected with it, the energy which is necessary to over- 
come any external resistance diuing that portion of the movement 
where the driver ceases to act 

So, therefore, in applying the crank and connecting rod to 
beam-engines, the piston rod is attached by Watt's parallel motion 
to one end of a heavy iron beam, and the rotation of the fly-wheel 
is derived by the aid of a connecting rod or spear uniting the 
other end of the beam with a crank which turns the fly-wheel. 

The application to direct-acting engines has been already 
noticed, and the student will now understand that the mechanical 
working would be incomplete unless the crank were attached to a 
fly-wheel or other heavy revolving body balanced upon its centre, 
which would carry P through those portions of its path near to the 
dead points, and would also act as a reservoir, into which the 
work done by the steam might be poured, as it were, unequally, 
and from which it might be drawn off uniformly, so as to cause the 
engine to move smoothly and evenly. 

In marine engines, where the fly-wheel is not admissible, and 
where the engine must admit of being readily started in any posi- 
tion, two separate and independent pistons give motion to the 
crank shaft. In this case the two cranks are placed at right 
angles to each other, so that when one crank is in a bad position 
the other is in a good one. The same p\an holds. h\ \.Vi>i twa^Kss;.- 
doB of iocomodve engines. 
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Art. 125. — In the instances considered, the circular motioii 
derived from the reciprocating piece is (oniimtous \ it now remains 
for us to examine a class of contrivances for producing the tike 
result where the circular motion is mUrmitient. 

The circular motion being that of a wheel turning upon its 
axis, it may be arranged that one-half of the reciprocating move- 
ment shall be suppressed, and that the othe'r half shall always push 
the wheel in the same direction. This is the principle of the 
ratchet wliecl. 

Or it may be arranged that the reciprocating piece shall be of 
the form shown in those escapements which produce a recoil, and 
the pallets will then act upon opposite sides of the wheel, and will 
drive it always in one uniform direction. Here we find ourselves 
again in the region of pure mechanism. These two classes of con- 
trivances constitute the only methods by which the problem can 
be solved without external assistance. 

Art. 126. — A wheel jjrovided with pins or teeth of a suitable 
form, and which receives an intermittent circular motion from 
p^^ ^^^ some vibrating piece, is called a 

ratchet w/teel. 

In the drawing E represents the 

ratchet wheel furnished with teeth 

shaped like those of a saw, and AB, 

, the driver, is a click or paul, jointed 

;nd, A to 3 movable arm AC, 

' which has a vibrating motion upon 

~ as a centre. 

As AC moves to the right hand, 
the click, B, pushes the wheel be- 
fore it through a certain space Upon 
the return of AC, the click, B, slides over the points of the teeth, 
and is ready a;;ain to push the wheel through the same space as 
before, being in all cases pressed against the teeth by its weight 
or by a spring. 

A detent, D, prevents the wheel' from receding while B is 

:r the teeth, for it is, of course, a condhion in this move- 

ment that the ratchet wheel itseU sWi eA\\w VcT^d alwa^-s to fly 

L^c^ or shall rtniain held i.r\ lis place \i^ i'Vvk; IvvcOiqu q^ 'Crr: ■sjwkss 
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with idiich it is connected. In this way the redprocadng move- 
ment of AB is rendered inoperative in one direction, and the 
circiilar motion results from the suppression of one half of the 
reciprocating movement of the arm. 

The wheel, E, and the vibrating arm, AC, are often centred 
upon the same axis. 

Art. 127. — ^As regards the action between the teeth and the 
detent, we observe that the wheel must tend to hold the detent 
down by the pressure which it exerts, 
and that it will do so as long as the 
line of pressure on the surface pr 
falls below the centre D. 

If the angle qrp were opened 
out much more, the perpendicular 
upon pr might rise above D, and 
the detent would then fail to hold 
the wheel 

Further, the click has to return 
by slipping over the points of the teeth. The condition for this re- 
sult is that the perpendicular to the surface qr shall fall between 
D and the centre of the wheel 

Where very little force is required to hold the wheel, and the 
exact position is of consequence, as in counting machinery, the 
teeth may be pins, and the detent may be a roller pressed against 
them by a spring. 

The usual form of the teeth is that given in fig. 167, and the 
result is that the wheel can only be driven in one direction ; but 





Fig. 170 




in machinery for cutting metals it is frequently desirable to drive 
the wheel indifferently in either direction, in which case a different 
construction is adopted. The ratchet w\ved\\asT^.^\a5^\&^Nkv^'»:^^ 
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the click, B, can take the two positions shown in the diagrams, 
and can drive the wheel in opposite directions. 

Here the click has a triangular piece fitted upon its axis, any 
side of which can be held (juite firmly by a flat stop attached to a 
spring. There are, therefore, three positions of rest for the chck, 
whereof two are shown in the figure, and the third would be found 
when the click was thrown up in the direction of the arm pro- 
duced. We have by this simple contrivance a ready means, not 
only of driving the wheel in both directions, but also of throwit^ 
the click out of geaj when required. 

Art. 128.— a common method of applying a ratchet wheel in 
ordinary mechanism is to be found m the drawing of a screw-jack, 
as givj;n at the end of the first chapter, (See fig. 38.) 

The object of the ratchet there sketched is to drive the screw 
which traverses the framework of the jack, and it will be readily 
understood that the friction on the 
screw thread is so great that there is no 
tendency for the wheel to run back, and 
that no detent is necessary. 

In fig. 171, the lever handle, EH, 
which actuates the driving paul, has a 
centre of motion coincident with that 
of the ratchet wheel, and the paul D is 
held against the teeth by a spring S. 
On moving the handle to the right the 
paul slips over the teeth, and on moving 
it to the left the spring presses the paul 
upon the teeth, and the ratchet is ad- 
vanced in the usual way. 

The sketches show the lever-handle 
and ratchet both in front and side ele- 

This IS the same contrivance as an ordinary ratchet-brace used 
in drilling by hand. 

Art. 129.— Everyone must have seen the application of the 
ratchet wheel to capstans and windlasses, where it is introduced 
n order to prevent the recoil of the barrel, the same purpose for 
' which It is applied in clocks and *-atc\\es. 
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It was a very early improvement to provide two pauls of differ- 
ent lengths, termed by the sailors paul and half paul^ and thereby 
to hold up the barrel at shorter intervals during the winding on of 
the rope; in fact, a ratchet wheel of eight teeth thus became 
practically equivalent to one of sixteen teeth, and the men were 
better protected from any injury which might be caused by the re- 
coil of their handspikes. 

The principle of this contrivance is very intelligible, and is 
shown in fig. 172, where the two pauls DP, EQ, differ in length by 
half the space of a tooth. 

As the wheel advances by in- 
tervals of half a tooth, each paul 
falls alternately, and the same effect 
is produced as if the number of 
teeth were doubled, and there was 
one pauL 

In the same way three pauls 
might be used, each differing in length by one-third of the space 
of a tooth, and so the subdivision might be extended. 

In practice we may be required to move a ratchet wheel 
through certain exact spaces, differing by small intervals. Where 
such is the case it is better not to attempt a minute subdivision of 
the teeth, as they become liable to break and wear away and the 
action is uncertain, but recourse should be had to a method of 
placing three or four clicks upon the driving arm. 

In such a case the pauls or clicks will be increased in number, 
and will act as drivers instead of 
detents, being arranged in order of 
magnitude as regards length. They 
may be placed upon separate driving 
arms, but there is no advantage in 
doing so, and it is usual to place 
them all upon one pin at the end of 
the driving bar. 

In fig. 173, two clicks, DP, DQ, are shown hung upon a pin D, 
which is supposed to be at the end of the arm which drives the 
wheel. The clicks differ in length by half the space of a toothy and 
they will manifestly engage the wheel altemaleVj, aiv^^^*^ xwas^*^ 
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as if there were twice as many teeth driven by one click. And so 
for three or any greater number of clicks. 

On referring back to fig. 53, the student will find an example 
of the use of a ratchet wheel. A link, HK, connects the recipro- 
cating frame, FG, with an arm, LM, carrying a click at Q ; thus 
the oscillations of the frame are received by the arm, and the j 
wheel is advanced a certain number of teeth upon each motion to 
the right. The number of teeth taken up can be regulated by 
adjusting the distance of K from L by means of a screw ; the 
nearer K is brought to L, the greater will be the advance of the 
ratchet wheel at each stroke. 

The object of the arrangement is to feed on the wire of lead 
from which the material for each bullet is cut, and by placing 
three clicks at Q instead of one, according to the method just 
examined, the amount of advance for bullets of different sizes may 
be regulated with considerable nicety. 

As, in some form or other, the principle of this construction is 
of great practical value, we will examine it more in detail It will 
be found that one chief use of the ratchet wheel occurs in provid- 
ing the feed motions in machinery for cutting or shaping metals^ 
and the genera! plan adopted is to draw off, as it were, some 
definite amount of motion at proper intervals during the opera- 
tion, and so to impart an unchangeable movement of vibration 
through a definite angle to a bar which comes as the first piece on 
the way to the ratchet wheel. We start by giving to such a bar 
some fixed and unvaij'ing amount of vibration, and our object 
will be to draw off from this motion just so much or so little as we 
may require for the purposes of the work, and so to advance the 
ratchet by i, 2, 3, or any convenient number of teeth. 

If we can now arrange to do this, we have obtained the first 
part of a feed motion, viz., the power of advancing the ratchet at 
each stroke by an integral number of teeth ; but we may want to 
go further, and advance the wheel with greater nicetj-, such as 
through 2^ of a tooth each time, and the student will under- 
stand that for the integral part of the advance some definite con- 
trivance, such as those we are about to discuss, will be wanted. 
and that for the fractional part of the advance this system of 
multiple clicks will be perfecrt-j siiffvdevA, 
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Art. 130. — In considering this problem of advancing the 
ratchet through any required number of teeth, the very obvious 
principle already suggested will become apparent upon inspecting 
the diagram. 

Suppose the arm AC to represent a vibrating bar which swings 
with a definite amount of angular motion through the space PCQ. 
In a planing machine Fic. ,7^. 

this bar would be pushed 
over, each time that the 
table came to the end 
of its travel. If AC 
be connected to another 
point S by the link RS, 
we can impart to the 
point S a reciprocating 
motion in the line CS, which may be represented by the space FE 
under the conditions shown in the stoetch. It is now clear that if 
R be moved towards C, this travel, FE, will diminish to nothing, 
while AC continues all the time to swing through the same angle 
PCQ, whereas FE will be increased in a like degree when R is 
moved away from the centre C in the direction Rr. 

Thus the rate of advance of the ratchet wheel may be regu- 
lated. 

Art. 131. — We have seen that when a bar centred at one 
end is continually moved to and fro through a given angle, a feed 
motion can be derived from it, and it will be found in the work- 
shop that all kinds of rough but effective contrivances are adopted 
for obtaining such a motion. 

We subjoin an elaborate arrangement taken from a rifling 
machine in the Arsenal at Woolwich. 

The student should refer back to Art. 67, where he will find 
an account of the head of a rifling bar, and will note an arrange- 
ment for pushing out the cutters when the head of the rifling bar 
reaches the breech of the gun, and for withdrawing the cutters 
while the head is being advanced into the bore. In other words, 
he will note that the cut is made while the head is being drawn 
out 

It will also be seen in fig. 80, that wViexv a ^^ece xwaxV^^^'^ 
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tfac cu t ia& ester t^ wfA, and when RS is puslied 
' CBtass axK sheaiiird within ibe faead It follows that 
52 be adofXcd (or mo^-ing RS longitudinally 
I a smaO qiace at eadi end of a stroke. 
In ODT p re sent lectme ^^^igram the piece to which we have Te-, 
fined is not sbon, fcr it lies at some distance to the left beyond 
Ibe 131^ of the dnni% and forms the head of the riSing bai 
TT. In the previcnis dia^am ilie end of the bar TT, which is a 
hoQow [upe, is shorn in sectim. and the student must conceive 
that a slender rod passes from the bead of the riiling bar along the 
whole lei^th of "IT, and lerminates in the piiece marked A in the 
annexed sketch. 

The whole operation, with which we are now concerned, con- 
sists in moving A longitudinally to and fro through a small space 
If that can be done at the ri^t times, the feed motion is com- 
plete. 
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In the drawing there is a lever CR, having a fulcrum at C, and 
tlus lever terminates in a short arm concealed within the saddle 
S, which moves A when CR is turned through a definite angle. 
The movement of CR is determined by causing the end R to rest 
either upon bb or aa. \Vhen R is on bb the piece A is pulled out, 
and the cutters are at work; whereas, when R is on air the piece A 
is pushed in, and the cutters are sheathed. 

Conceive that the cut is being made, that R is travelling to 
the right along bb, and that the roller which is loaded by a weight | 
Fh. The piece FL is aba^ iQTO\,eA ^l ?, ^.-^d rises out | 
to allow R to pass. As sqotv as V\. Vas iout ^, ■i.-^&.'cX- 
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Ras dropped into its place, the cut is complete, the mechanism of i 
the machine is reversed, the rifling head begins to enter the gun, 
the saddle carrying CR moves to the left, the roller R travels up 
the incline, and the lever CR is raised so that R rests upon aa, at J 
which time Ihe piece A is pushed forwards, and the cutters are i 
sheathed 

The roller R travels along aa until it reaches the weighted 
drawbridge D, which it overpowers, and so travels on to the part 
marked E. When it gets there, the rifling head has reached the 
breech end of the gun, and the mechanism is reversed. As the 
saddle returns the drawbridge has risen, and R runs down the 
slope on to its fonner path bb. Thus R travels to and fro along 
bb and aa alternately, and the necessary feed motion is obtained. , 

Art. 132.— a feed motion, extremely ingenious in principle, .' 
has been applied in Sir J, VVhitworth's planing machines, and is 1 
worth a careful examination. In fig. 176, let CA represent a vi- 
brating bar centred at C, upon which point there is also centred a 
circle carrying two pins, P and Q. 

We win suppose that the circle vibrates, _ ' ' j 

independently of the arm, through an angle 
exactly represented by PCQ, and that the 
object of the contrivance is to impart to 
the bar, CA, the whole or any portion of 
yds vibration. 

1' It is easy enough to impart the whole 
nteation. We have only to fasten P and 
B close to CA on each side of it, and the 
Hr and the circle will swing as one piece. 
I Again, if we wish the bar to remain at rest, we may separate P 
and Q as much as possible, and when the bar has been pushed 
as far as it can go by one of the pins, it will remain at rest, for the 
second pin can only just come up to it on the opposite side. 

Conceive now that the pin Q is shifted to q, the arm CA will 
be pushed to Q by the pin P when moving to the right, but will 
aniy return as far as Q can carry it, i.e., to q, and the vibration 
mil take place through an angle QC? instead of an angle QCP, 
bd in this waj; hy separating P and Q, the motion ol KC xwa--^ \« 
n/ced till it ceases altogether- 
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So, therefore, we obtain precisely the same result as in a 
previous case, and can advance the ratchet wheel through any in- 
tegral number of teeth up to a limit 
5l!i_l"' fisied by the amount of the vibration of 

" ^ " the arm. 

The practical arrangement is shown 
177, where a ratchet wheel, an 
n carrying a click, and another wheel 
])rovided with a circular slot, are placed 
in the order stated ujxm the same axis, 
xnA can all move independently of each 
other. There are two movable pins in 
[he circular slot, which are capable of 
an by nuts at the back of the wheel, and 
which embrace the arm carrying the click, but do not reach the 
dick itself 

The ratchet wheel is connected with a screw which advances 
the cutter across the table, and the object is to impart definite but 
varying amounts of rotation to the screw after each cut has been 
taken. 

The wheel F receives a fixed amount of vibration from the 
table, and will im])art the whole thereof to the click if P and 
Q be made to embrace the arm closely upon each side ; or it will 
impart any less amount, gradually diminishing to zero, as P and Q 
are separated to greater intervals along the groove, and thus the 
feed of the cutter may be regulated. 

Art. 133.— a mechanical equivalent for the teeth and click - 
may be found in what is termed a nipping lerer, constructed upon ' 
P_j. ^ g the following principle. Conceive that ' 

a loose ring B surrounds a disc A, and ' 
that upon a projecting part of the ring 
there is a short lever, DE, centred 
This lever is moi'able about a fulcrum 
at F near to the wheel, and terminates 
at one end in a concave cheek, D, fitting 
the rim of the disc. On applying a 
force ^i E ibe lei cr will nip or btte u^ion \.W feit, w\d the friction 
may be enough to cause xhem Xa "move Vs§f*vt^ ■as.vS. ■;»«!, 
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one piece. This friction does, in fact, increase almost in- 
definitely, for the harder you pull at E the greater will be the 
pressure at D, and since the iriction increases with the pressure, 
Ibeing always proportional to it m a fixed ratio, the resistance of 
■friction will be developed just as it is wanted. 

U|X)n reversing the pressure at E, the nipping lever will be 
ireleased and the ring will slide a short space upon the disc : thufi'. 
;the action of a ratchet wheel is imitated. 

Art. 134. — The ratchet wheel has been much used i 
jtaining an advance of the piece of timber at each stroke of the 
in sawing machines. A substitute has been found in an 
adaptation of this nipping lever, and is commonly known as the 
I silent feed. 

An ann AB, centred at C, rides upon a saddle which rests 
upon the outer rim of a wheel ; a piece, EE, is attached to one end 
of the arm, and admits of being Pia. 179. 

pressed tiimly against the inside of 
the lim of the wheel which carries 
the saddle. 

It is clear that when the end, 
B, of the arm, ACB, is pulled to the 
ri^t hand, the rim of the wheel will 
be grasped or nipped firmly between 
the saddle and the piece EE, and 
that the pull in BD will move the 
saddle and wheel together, as if they 
were made in one piece. When B 
is pushed back, a stop prevents BCA 
from turning more than is sufficient to loosen the hold of EE, and 
the saddle slides upon the rim through a small space. 
I, In this way the action of a ratchet wheel is arrived at, and, by 
properly regulating the amount of motion communicated by the 
link BD, we obtain an equivalent for a ratchet wheel, with an in- 
definite number of teeth. 

It is this circumstance which renders the contrivance so useful. 
The amount of feed of the timber can be regulated with the utmost 
nicety; the opposite end of the link BD is mOTshW^ ^■^t^^s, 
•according to the principle iaid down in AtL it,o, Mvi tw\\)& ^J». 's 
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. any distance from ihe centre of the arm upon which it rides, i 
thus the contrivance is as perfect as can well be Imagined. 

A screw, F, may be employed to bring up a stop, H, towards j 
Ihe aim, ACB, and so to prevent the arm from twisting i] 
position which gives rise to the grip of EE. The saddle will then ' 
slide in both directions without imparting any motion to the wheel, 
a result which is obtained in an ordinary ratchet wheel by throwing ] 
the click off the teeth. 

Art. 135. — A like result may be obtained in a more simple 
manner. The annexed drawing of Worssam's feed motion has 
been taken from a model belonging to the School of Mines. 
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The wheel B is the feeding wheel, and the object is to impress 
upon it a step-by-step motion changing in every possible amount 
between two fixed limits. 

A handle turns the crank CP, whereby P performs complete 
revolutions, and the student will recognise the well-known combi- 
nation of CP with a second crank BQ and the connecting rod PQ, 
the result, of course, being that vjhi\e ? 4esc«bea a dvcle round 
C the asm BQ oscillates through a gwetv a."cv^e. IVettt'ia o. i^ot^- 
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rivance for adjusting the end P of the connecting rod PQ at ^ 
difTerent distances from C, and indeed for bringing P to coincide 
(with C The consequence of this arrangement is that BQ will 
:ontinually swing through a less and less angle, diminishing to 
■zero, as P is brought nearer coincidence with C. 

At the end D of the arm QB produced there is a circular piece 
K^hich is shown on an enlarged scale in the detached sketch, and 
Eis there marked F. The object of drawing this piece a second 
Ptime is to make it quite clear that the circular rim F is eccentric 
I to the spindle on which it rides. In the drawing the centre of the 
spindle is marked O, and the centre of the circular rim F is 
marked n. 

A second detached sketch shows the rim of the wheel and the 
, piece F in section, from which it appears that F is a circular wedge 
L fitting into a corresponding angular recess which runs round the 
I whole rim of the wheeL The object of making F eccentric is now 
I manifest, for as F rotates on its spindle towards the left hand, the 
wedge is driven more tightly into the recess and the surfaces grip 
together with great holding power. As soon, therefore, as BD turns 
through a definite angle in the direction of the arrow, the piece F 
holds to the wheel just as if it were a driving paul engaging with a 
ratchet tooth, and of necessity the wheel moves forward. On re- 
versing the motion of BD the grip is released, and F slides back 
over the rim without any opposition. In like manner the upper 
piece corresponding to F acts as a detent, and allows the wheel to 
advance in the direction of the arrow but stops any return. By 
this simple construction we have a driving paul and a detent fitted 
to a wheel having any required step-by-step movement as deter- 
mined by the angular motion imparled to BD. 

Art. 136. — Where the ratchet wheel moves at each vibration 
of the driver, and not during every alternate movement, an escape- 
ment, or something approximating thereto, must be employed. 
The action now takes place alternately upon opposite sides of the 
wheeL 

Upon looking back to the elementary form of escapement 
described in Art 49, it is quite apparent that if the frame AB be 
inoved to the left, the pallet D will push P btfoie \.\., ^MlSvcKfWi.'i 
far to bring R in front of C, and then, u^Qn li\ft ifflMi-cv «A 'icia 
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frame, the pallet C will push R before it, and thus the scape % 
will rotate always in one direction. 

We remark ihat this direction is the opposite to that la which 
the wheel revolves when driving the escapement. 

The same thing is true, generally, of all Recoil Eseapemettts, _ 
and upon examining them it will be found that the scape wheel 
may be driven backwards by the pallets. 

Art. 137. — A like action results where two clicks are hung 
upon a vibrating bar, and one of them terminates in a book. 

The bar ECD vibrates on C as a centre, and the pieces QD, 
PD, hang at the extremity D. (Fig. 181.) 

When P pushes on the wheel, the arms PD and DQ open, and 
the hook at Q slips over a tooth r whereas, upon reversing the 
motion of the driving lever, the hook drags the wheel with it, and 
P slips over a tooth, and thus the wheel advances upon each 
vibration of the moving arm. 

This contrivance is due to Lagarousse. 





The click may be replaced by a hook turned in the reverse 
direction, as in the annexed example, which is taken from spin- 
ning machinery (fig. i8z). 

Here the bell crank lever ECD is furnished with the hooks 
BP, DQ, and by swinging it to and fro through the angle EO, we 
shaii catch up a tooth at the points P and Q alternately, and shall ' 
drive the wheel in one direction. 
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The hooks may both be replaced by pauls turned in the reverse 
direction, as in the annexed example, which is taken from a model 
belonging to the School of Mines. 




Here the lever handle CE swings to and fro through an arc 
E^, and operates upon the pauls P and Q in the manner indicated. 
The motion of CE is restrained by a stop S, and when CE is 
being raised as far as it will go, the paul Q is gathered up over 
the teeth, while the paul P urges the wheel B onward. In like 
manner, when CE is depressed, the paul Q drives, and P is lifted 
upwards over the teeth. Thus the wheel advances both when CE 
rises and when it descends, and it will he found that it moves 
through two teeth at each stroke. The piece D is an ordinary 
detent for preventing the recoil of the wheel. 

Art. 138. — The construction of mechanism for numbering, or 
printing consecutive numbers, has wonderfully advanced in late 
years, and many ingenious improvements have been originated. 
We do not intend at present to enter upon any details, but there is 
one contrivance Imown as a masked wheel which ought to be 
understood. 

The object of the masked wheel is to enable a numbering 
machine to print the same number twice before the unit advances, 
as in numbering a cheque and its counterfoil 

The masked ratchet wheel consists of two ratchet wheels placed 
side \>j side, the teeth in one being the oidmafj \ixv\taTva \.tKC!!\^ 
while the teeth in the other are alternately aViaftovi a-ni ietij. '^"^^ 
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main feature is that the bottom of the cut in a shallow tooth is 
sufficiently removed from the centre to cause the driver of the 
ordinaiy wheel to be raised entirely above the teeth of the same, 
whereby it follows that when the paul rests in. the shallow cut it 
does not operate on the teeth in the other wheel When the pad 
rests in the deep cut it acts as a driver to both wheels. 

The two wheels ride upon the same aids, but move indepen- 
dently of each other, the ordinary ratchet wheel being connected 
with the numbering apparatus. 

In the drawing, which is taken from an old model belonging to 
tlie School pf Mines, a pin wheel represents the first ratchet wheel, 
and the second wheel C has its teeth in pairs, every alternate tooth 
being cut deeper in the manner stated. 





The paul PD has a driving pin Q, which must alway-s engage 
with a tooth of the wheel C, but which may or may not drop low 
enough to take up a pin on the other wheel 

In fig. 184 the paul has engaged a shallow tooth in the wheel 
C, and is ready to drive that wheel onwards ; but the paul has its 
pointy clear of the pins on the shaded wheel, being masked or 
prevented from acting by the shaUowness of the cut at Q. 

After the paul has driven on the wheel C by the space of a 
tooth, it will next fall into the deeper cut, when both Q and / will 
engage their respective teeth, and the two wheels will advance 
together in the manner shown in fig. 185. 

Thus two strokes of the paul are required in order to advance 
the pin wheel by one tooth. 

We subjoin two sketches of a raa.sV.ed ia.\.t\vt\ -KWeV as con- 
a small numbering machme. 
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The wheels are shown in elevation, one behind the other, and 
having a common axis at C The unshaded disc represents an . 
ordinary ratchet with uniform saw-shaped teeth, whereas the tinted 
wheel has deep and shallow teeth alternately. In the machine 
referred to the method of advancing the ratchet is peculiar, the 
driving paul is stationary, and the axis of the ratchet wheels is 
swung round parallel to itself in a circular arc, as indicated by the 
dotted line af. 

Fig. z86. v 





The driving paul is in the form of a lever, DAP, having a ful- 
crum at A and a projection at P, which engages with the teeth of 
the ratchets. The shape of the end of the lever is something 
like a boot, and the pointed end acts as a driver under other con- 
ditions, with which we are not concerned at present An elastic 
india-rubber band, DE, presses the paul P into contact with the 
ratchets. 

As the wheels sweep to and fro from / to a^ sjcv^Xi^O*. •a.'^^^ 
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the piece P catches the masking or shaded wheel, and moves 
on through the space of one tooth. On the next stroke the piece 
P falls upon a deeply cut space in the masking wheel, and being 
broad enough to engage both wheels, it carries them on together 
through the space of a tooth. Thus the unshaded ratchet is 
moved through the space of a tooth at each alternate stroke in the 
direction of the arrow. 

Art. 139-- — The converse of the contrivance described in 
Art 68 may also be used to convert reciprocating into circular 
motion; that ts to say, the bar may be employed to turn the screw 
barrel, instead of the screw driving the bar ; but such an arrange- 
. ment gives rise to a great increase of friction, and is only met with 
when a small amount of force is to be exerted. 

There Is a well-known instance in light hand drills, called 
P^^ ^^ Archimedean drills, where the rotation is 

derived by pushing a nut up and down a rod, 
upon which a screw of rapid pitch is formed, 
the drill rotating in opposite directions as the 
nut rises and falls. 

This movement n-as at one time proposed 
by Sir J. Whitworth, in order to obtain a 
reversing motion of the cutter in planing 
machinery. 

Here a rod, HG, was provided with a sort 
of tooth, G, which fitted exactly into a groove 
n the form of a screw-thread traced upon the 
cylinder AB. As the rod moved up and 
down it reversed the position of the cutter, 
and enabled it to act while the table was moving in either 
direction. 

This reversing motion has not been used, but another has been 
employed in the place of it, where an endless catgut band, which 
runs round a pulley capable of vibrating through a given angle, is 
carried on to a small pulley attached to the top of the tool box, 
the cutter turning through two right angles when the band is made 
to traverse a small space in opposite directions by the action of 
[. the vibrating puHey. 

- - ._ j^^p^ stretched b^ a. tV^Vtertm^ -^-vae^, asA, ^ 
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second turn rpund one or mpre pulleys in the circuit will always 
prevent the band from slipping. 

Art. 140. — ^When the diameter of a ratchet wheel is increased, 
the curvature of the rim is diminished, and the ultimate form of a 
portion of the enlarged wheel is that of a straight bar. Such a 
ratchet bar is often useful, and we have seen an example in the 
machine for cutting conical boxwood plugs. 

It has long been observed that every movement which is con- 
strained to take place in one direction, and cannot be reversed, is 
that of a ratchet wheel or bar. Accordingly, the analogy between 
a common suction pump and a ratchet bar is complete. When 
the pump is at work the water must rise, and can only descend by 
some leakage or imperfection. 

The mechanism of a pump consists of a bucket with a valve 
opening upwards, which we may call A, and a fixed valve B, in 
the pump barrel, which also opens upwards. Our object is to 
point out to the student that the column of water passing through 
the pump may be viewed as a vertical ratchet bar, that the driving 
paul is the same thing as the pump bucket and valve A, while the 
detent is the lower valve called B. 

It is clear that the valve B acts as a detent, for it allows the 
water to pass freely upwards, but will not permit its descent It 
is equally clear that the bucket and valve A act as a driving paul, 
for during the descent of the bucket the valve A opens, and the 
hold upon the column of water is obtained at a lower point. The 
action is precisely that of a driving paul when slipping over the 
teeth of a bar, and holding on at a lower point. On the ascent 
of the bucket the column is lifted just as the driving paul lifts a 
rigid ratchet bar. 



Elanents of Mechanism. 



ON THE TEETH OF WHEELS. 



Art. i4t. — We propose now to enter into a mathem 
investigation of the forms of teeth adapted for the transm 
of motion or force in combinations of wheelwork, and we ] 
already stated the general nature of the problem. 

It is required to shape the teeth or projections upon the edges 
of two circular discs in such a manner that the motion resulting 
from the mutual action of the teeth upon the discs or wheels shall 
be precisely the same as the rolling action of those definite circles 
known as the pitch circles of the wheels in question. 

Commencing with flat plates or discs, which, in the case of 
light wheels, such as are used in clockwork, would be castings in 
brass or gun metal, having light rims of sufficient substance to 
allow of the cutting away of the material so as to shape the teeth, 
we should settle in the first instance the exact size of the pitch 
circles, and next the number and pitch of the teeth which we 
meant to employ. 

The last inquiry involves only a very elementary knowledge of 
geometry : we have merely to find out how many times we can 
repeat the space occupied by the pitch of a tooth upon a circle of 
given diameter, so as quite to fill up the circumference without 
any error in excess or defect. 

Art. 142. — It will be seen at once that the following very 
simple equation connects the diameter of a pitch circle with.± 
number of teeth and their pitch. 

Let D be the diameter of the pitch circle in inches, 
P the pitch of a tooth in inches, 
n the number of teeth upon the wheeL 

Then kP^ circumference of pitch circle ^jtD, 
where ir = 3'i4iS9, or = ^ approximately. 

Hence n =-- x D, ot 'D = — x n. 
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In order to save trouble, definite values are assigned to P, 
such as i, f, \, I, I, I, I, li, li, \\, 2, 2\, &c, and the values of 

--, — , are calculated and registered in a table of which we give a 

P TC 

specimen. 



2 


IT 
P 


P 


I -5708 


•6366 


^k 


I -3963 


7162 


2\ 


1-2566 


•7958 


A 


I 1333 


•8754 


3 


I -0472 


•9549 



Thus, let P = 2^ inches, we find in the table that 

-^= 1-2566 and — = 7958. 

Suppose a wheel of 88 teeth, and 2^ inch pitch, to be in course 

of construction, and that we require to know the diameter of the 

pitch circle. 

p 
D =— X « = 7958 X 88 = 70*03 inches. 

Or, again, if the diameter of the pitch circle be 70 inches, and 
the number of teeth of 2^-inch pitch be required, 

« = :^x D = 1-2566 X 70 = 87-96=88 very nearly. 

In practice it is more easy to treat of the subdivision of a 
straight line than of the circumference of a circle, and it is the 
custom therefore to suppose the diameter of the pitch circle to 
be divided into as many equal parts as there are teeth upon the 

wheel, and to designate — as the diametral pitch in contradis- 

n 

tinction to P, the circular pitch- 
Further, let — =— where w is a whole number, 
n m 



D P . I P ^ -D IT 

now — = -, /. — = -, or P =— . 
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The values of « and — are registered in s. table, of which i 
portion is given, and the circular pitch can be at once found 



V.^.f„ 


J 




5 


. 


- 


. 


. 


„ 


- 


Values of P 
or appioximately 


■■047 


i 


■628 

\ 


■524 
S 


■449 

A 


■393 
1 


■349 
U 


■314 


■l6l 
1 



Thus, let D = 8 inches, n = 



Hence P = 



■314= rj 



inch. 



Art. 143. — A very simple piece of apparatus, called a stct</r, I 
is constructed to save workmen trouble in arranging the sizes of 1 
wheels with given numbers of teeth to work with given pinions or I 
conversely. 

It consists of two light straight arms of brass, centred upon a 
pivot, with an arc of a circle at the end of one of the arms, and 
a binding screw to clamp the other arm to the arc. Thus the arms 
can be set at any angle. These bars are each graduated at intervals 
along their length, the intervals being equal except for some of the 
smaller numbers up to 10, and the reading may extend to 150 ttf 
thereabouts. 

Conceive now that a pinion with 12 leaves or teeth is placed 
between the bars, and that they are closed up till the pinion just 
reaches the graduation 12, and let it be required to find the size 
of a wheel having 96 teeth to work with the pinion. We should 
measure the distance across the bars at the graduations 96, and 
that would give the required diameter. 

This is evident, because if a disc were placed between the bars 
with its plane perpendicular to the plane of the bars, its diameter 
would form the base of an isosceles triangle, of which the two 
legs form the sides, and the bases of any of these triangles must 
be in the same proportion as the les^tttwe sides, so long as the 
vertical angle remains unchanged. 
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Thus the readings of the legs give the proportionate diametere 
of the wheels and pinions, and hence also the proportionate num- 
bers of teeth in the same. 

Art. 144. — As far as we have gone at present, we have simply 
determined the relation between the pitch of a tooth and the 
circle upon which it is formed : it will be necessary to consider 
^so how much of this arc called the pitch is to be occupied by 
the solid tooth, and how much by the adjoining empty space : 
*e must arrange also the depth of the tooth and the depth of the 
Open space. But without touching upon these points at present, 
it may be convenient to work out the problem of shaping the 
teeth in such a manner that the wheels shall roll with perfect 
accuracy upon each other, precisely as the ideal pitch circles, 
which we have already referred to, would move by rolling contact 

Two principal propositions on which we rely have already been 
demonstrated, viz. :— 

When two circles roll together, their angular velocities are 
ptoersdy as the radii of the circles. 

When two anns or crunks are connected by a straight link, 
the angular velocities of the arms will be inversely as the segments 
into which the direction of the link divides the line of centres. 

Art. 145.— The latter proposition applies equally when PQ 
meets CB between the centres C and B, as in the case now to be 
dealt with ; and we must remind the student that geometers have 
shown that every curved line may generally at each point be sup- 
posed to possess the curvature which would be found in a circle of 
definite size called the circle of curvature of the point in question. 
In the modem editions of Newton's ' Principia,' the circle of cur- 
v^ure at any point of a curve is defined as being that circle which 
has the same tangent and curvature as the curve has at the point « 

ttion. 

It is also capable of proof that no other circle can be drai 
whose circumference lies between the curve and its circle of curva- 
ture, starting from the point considered. 

In order to find this circle of curvature at any point P of a 
curve, we first draw the tangent at P, we then take a very small 
arc PQ of the curve terminating in P, and ftom iKe otVvM e.-t- 
trcmity Q of the arc we draw QR perpendicuXM \.o fcs; u.tx'^ctv^ ■* 



eteK^^ 
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P, and meeting it in the point R ; the diameter of the ciicle ^ 
curvature wiL then be the limiting value of the ratio ■ ^„ ■ 



Art. 146. — We must no 
determined, and in fig. 188 v 




assume that this circle can be 
will make A and B the centres of 
motion of two pieces pro- 
vided with teeth of some de- 
terminate form, which are in 
contact at the point/. 

Draw now P/Q, a com- 
mon perpendicular to tlu 
surfaces of the teeth at p \ 
and let P and Q be the cerv- 
tres of the circles of curvature 
of the curves which touch at 
p : draw also AR, BS, per- 
pendicular to PQ. 

Then, in the first instant 
of motion, PQ may be re- 
garded as comtant, because it is the distance between the centres 
of two ascertained circles which do not vary in size for a verj 
small amount of sliding motion of the curves upon each other ; 
and therefore the angular velocities of the two pieces wUl be iden- 
tical with those of AP and BQ. 
But we have just proved that 

an ^lar vel. of AP ^BS _BE , 
angular vel. of BQ~AR~AE' ^^k 

whence HS^^-LJ^^li'lPie'^.^A^BE ^H 

angular veL of piece B AE ^^H 

In order to connect our investigation with this case of link- . 
work motion, we have only to remember that an imaginary com- 
bination of the two arms EQ, AP, connected by a link PQ is 
always supplied, and that although the separate parts of this com- 
bination are continually changing, yet it is always present as a 
whole, and gives us the means of comparing the angular velocities 
f the pieces Ap and B/i a-t ever^ in=.tant. 
Suppose it to be tequiied iVal Vne aTi^vAa-i \e!iouittsa cA. SSia 
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two pieces shall be the same as those of the pitch circles of radii 
AD, BD, which is the case in wheelwork. 

We must now form the curves so that E shall coincide with D, 
«id shall never leave it during the motion ; in other words, the 
common perpendicular to the surfaces of any two teeth in contact 
must always pass through the point of contact of the two pitch circles. 

If the teeth can be formed so as to satisfy this condition the 
problem will be fully solved, and we proceed to give the solutions 
which have been devised by the ingenuity of mathematicians. 

There are two curves which will be of great assistance to us, 
which are the following : — 

I. An epicycloid is a curve traced out by a point, P, in the 
circumference of one circle, which rolls upon the convex arc of 
another circle. This curve is represented by the dotted line in 
figure 189. 

Fig. 189. Fig. 19a 





2. A hypocycloid is a curve traced out by a point, P, in the 
■circumference of one circle, which rolls upon the concave arc of 
another circle. This curve is represented by the dotted line in 
figure 190. 

Art. 147. — Conceive now that we are about to form these two 
curves, the one an epicycloid upon the outside of the pitch circle 
A, the other a hypocycloid upon the inside of the pitch circle B : 
we will employ the same generating circle in both cases, and will 
suppose that A and B represent the pitch circles of two discs 
upon irWch teeth are to be carved out 0\xt cto\^cxS&\.<^^^^ 
that teeth shaped according to these curves vnSl aivvwex \!c\fc\wx>^f^Rsfc* 
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Having drawn the curves, bring the circles together till the im 
circles touch in the line of centres and the two curves in anolhlt 
Fic. 191. point P, as shown, when it wiil be 

found that the common perpendicu- 
lar at the point of contact of these 
curves passes through D. 

The truth of this statement will 
be evident from the consideration 
that when the curves touch, the 
describing circle may be taken as 
being ready to generate either the 
one curve or the other. Now the 
describing circle cannot do this un- 
less it be resting upon both circum- 
ferences indifferently, that is, resting 
upon the point where the circum- 
. ferences of the pitch circles touch each other, in which case the 
common perpendicular to the curves at P passes through D. 

But this is the very condition which we are seeking to fulfil, 
because if it maintains the teeth will move the discs upon which 
they are shaped with a relative velocity, which is represented by 
the ratio - -, and we have shown that the relative velocity of the 




AD' 

two pitch circles is also -r-- > 
•^ AD 

discs furnished with teeth 



hence the relative velocity of the 



i precisely the same as that of the 
' pitch circles, and the problem which we are investigating is com- 
pletely solved. 

Art. r48. — ^We have now obtained two curves which satis^ 
the geometrical requirements of the problem, and it remains to 
put our theory into practice. 

The epicycloid and hypocycloid which form the acting surfaces 
of two teeth must be produced by one and the same describing 

Let A and B be the two pitch circles. 

Take a circle of any conveoient size less than either A or B, 
ss indicated by the smaU dotted cvtcXe, M\i -wtt-Vi it describe an 
epicycloid upon A and abyP'^V^^'^^^^'^'^^- 



m 
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hese curves determine the acting surfaces aP, ^P, of two 

contact at P ; then the tooth d2 will press against ^P so 

perpendicular to the 



tB 



/ 



Fig. X92. 




I 



-^. 



I 

/ 



y 



in contact at P shall 
)ugh D, and the relative 
velocities of two pieces 
at A and B, and fur- 
dth these teeth, will be 
e as those of the two 
:les. 
le wheels rotate, we find 

point of contact P tra- 
g the upper small dotted 
irting from D. In the 
y the points of contact of 

the left of ADB travel 
s lower dotted circle up 
d it is, therefore, essential 
the teeth in the manner 
e are about to describe 
what extending our con- 
i. We have now to make 
e teeth upon both wheels, 
provide that either A or 
)e the driver. 

*ar as we have gone we 
iscribed the point of a 
pon A and the flank of 
n B, and have supposed A to drive B. If the conditions 
ersed, and B were to drive A, we should have to obtain 
e describing circle the curves suitable for the point of a 
)on B and the flank of one upon A. This describing circle 
icessarily of the same size as the former one, but it is very 
^eous to make it so, and we shall therefore assume that the 
on A and B are formed by the same describing circle, 
the describing circle G trace PQ, SR upon A, and pq^ s^r 

then the complete teeth can be mad^ Mg ^ ^qwclxcl^^ 
on the next page (see fig. 193). 
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> "iKtxuxn^ i\ lurrus: iie cianucK: n: "tie Ti?f*fr ig^fepffiitett 
Hj/S^ "ii^icjc*^ n liK hrm. ^ vumisiiraiuir. ir' iht iiyjmqyckndbl 

A^- M\,. j.' V.', iruv* :ut uiamiEs n. iam a: Tht i?v^iorydknd, 
w ^p 't<»;u'.-iviiii^ 'jivJit nrjTtasii:!^ n s;:k umi .m- ninrnflgrr be- 
^,V*iP3 v.iii^i i". ti»*. Tutiiuir '.if -lit ^zxrzvL xl vnuia: x roJk. wt. sixall 

i:.'^'Vvr^''-U-uc. it naiat cxil: to lie ndius 
tJif tiirt uirGk vTihiZi -^ciidi it lo^ the 

Ler C l»t "Lbt ceErrt ctf riae descxibing 
circJi: at asT timeL and ks P be the cone- 
bjx^nding positioii of ibe descxibiDg point 

^uypose ibat P b^ns to more from 
E, bo tiiat the arc PQ shall be equal to 
ihc arc EQ. 
My U^, 4K; l<rt KA<i=e, Vai=4. 

7/m;ii I'Q= arc EQ, ox CQ.x<^= KS.x^ 
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But AE = 2 CQ, /. CQx^ = 2CQx0or0 = 2a 

Now <l> cannot 1be equal to 20 unless P coincides with R in 
the line AE, in which case the diameter EAD is the path of P. 

This property of a hypocycloid is taken advantage of' in 
Wheatstone's photometer^ where an annular wheel is constructed, 
and a second wheel of half its diameter is made to run very 
rapidly upon the internal circumference : a small bead of glass, 
silvered inside, is attached to a piece of cork fitted on this internal 
wheel The bead would give the images of two lights held upon 
either side of it. When the wheel revolves these small images or 
spots of light become luminous lines of light, whose brilliancy can 
be compared, and made equal, by shifting the apparatus towards 
the weaker light This contrivance is a philosophical toy, it is 
not used. 

Art. 150. — The first particular case of the general solution is 
the subject of the present article. 

It will be remembered that the hypocycloid determines the 
flank of the tooth upon either wheel : if, therefore, the radius of 
the circle describing the hypocycloid be taken in each case to be 
half that of the corresponding pitch circle^ the teeth will have 
straight, or radial flanks^ as they are 
commonly called. 

The method of setting out the 
teeth is the following : — 

Let A and B be the centres of 
two pitch circles which touch in the 
point D. 

Let a circle, F, whose diameter is- 
equal to BD^ roll upon the circle A, 
and generate the epicycloid QP: 
this curve determines the form of 
the driving surface of the teeth to 
be placed upon A. 

Let another circle, G, whose dia- 
meter is equal to AD^ roll upon the 
circle B, and generate the epicycloid 
qp : this curve determines the driv- 
ing surface of the teeth to be placed upon IB. 

^ N 



Fig. 195. 
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Here of necessity the describing circle is not of the same mm 
P,;, ,g6_ when tracingoutthepoinisof 

_ the teeth upon A and B ; but, 

by reason that the same circle 
gives the point upon A and 
the Rank upon B, or con- 
versely, and that the flanks 
in each case are straight 
lines, the condition in Ait 
146 is stiU fulfiUed- 

The annexed iigure shows 
us these teeth with radial 
flanks, the straight edges of 
■ the teeth pointing towards 
the centres of the respective 
pitch circles. 

Art. 151. — As the circle 

describing the hypocycloid 

goes on increasing until it 

" becomes equal to the circle 

in which it rolls, the curve passes from a straight line into a curv^ 

and finally degenerates from a small half-loop shown in the sketch 

down to an actual point. 





It appears also that the same hypocycloid is generated 1 
each of the circles A and B, which are so related that the sum 
of their diameters is equal to the diameter of the circle in which 
they roll. 

Ari. t^z. — The stconA paTt\cu\ai ca-'it tjf theganeral solution 
I iwxaxs when the hypocycloid de^eTieiaXts \q -i. -^vps.-. 
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[ obtain a wheel with pins in the place of teeth, and derive a fona 
I which is extensively used in clockworL 

There is a very old form of pin wheel, called a lantern' 
\ pinion, where the pins are made of round y,^ , 

and hard steel wire, and are supported be- 
tween two plates, in the manner shown 
□ the sketch. This form has been much 
used by clockmakers, because it runs 
smoothly, and has the merit of combining 
great strength with durability. 

The pin must have some sensible diameter, but 
suppose it to be a mathematical point. 

We have just seen that when the i""^- ■ 

hypocycloid becomes a point, the 
describing circleraust be taken equal 
. to that within which it is supposed 
to roll 

As before, let A and B be the 
centres of two given pitch circles 
which touch each other in the 
point D, 

circle, F, equal to B, roll 
upon the circle A, and generate the 
epicycloid PQ. 

This curve will determine the 
acting surface of the teeth to be 
placed upon A, which will work 
against pins to be placed at equal 
intervals on the circumference of 
the circle B. 

Thus we shall have epicycloidal 
teeth upon the driver, working with 
hypocycloidal teeth on the follower, 

but these latter teeth are pins, or mere points theoretically, 
of being curved pieces of definite form. Here it is perfectly ap- 
parent that the condition upon which we rely is again fulfilled. 

Ihepm must have some size, and we s^afl.«&.&'mS.Ci WLtLiyOTft. 
the size of the pin by supposing a smaW ciucVe, tc^si \.o\\\-a- 
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sectional area, to travel along the theoretical path of the pohl^ 
Fir^, BKi. ^i^d to remove a corresponding 

portion of the curved area occu- 
pied by the epicycloids. 

Assume that QP represents 
the acting surface of a tooth 
which drives before it a poin^ P 
(fig. ^oo). 

Make P the centre of a circle 
equal to the size of the pin; 
suppose this circle to travel along 
PQ, having its centre always in 
the curve: remove as much of 
the tooth as the circle intercepts, 
and the remainder will give the 
form of the working portion. 

We shall presently find that 
in practice the pins are always 
placed upon the driven wheel, and as this rule is never broken, 
for reasons to be stated hereafter, we shall assume it to exist when 
we come to apply our solution to the case of a rack and pinion. 

Art. 153.— If either of the wheels becomes a rack, that Is, 
straightens into the form of a bar, the radius of the pitch circle 
must be infinitely large ; and we shall now take up the inquiry as 
to the changes introduced into the shape of the teeth by this 
transition from the circle into a straight line 





The curve which we have called an epicycloid changes intol 
O'c/^i'd Khen the rolling circle tuns a\oi\?, a sttai.^'i. \m.« instead of 
upon the outer circumference o( ano'iViM cade. 
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It is, in fact, the curve described by a point in the rim of a 
wheel as it runs along a level road or rail. 

It is shown in fig. 201, and possesses some very interesting 
properties with reference to the swing of a pendulum ; it is, there- 
fore, a curve very familiar to those who study mechanics. 

So far as the general solution in Art. 148 is concerned, the 
changes will be the following. Conceive that the circle A is 
enlarged till it becomes a straight line ; then the circle G, which 
rolls upon the inner and outer circumferences of the circle A, 
tracing thereby the points and flanks of the teeth upon A, will in 
each case generate the same curve, viz., a cycloid. 

Thus the teeth upon B will remain as before, and each face of 
a tooth upon the rack A will be made up of two arcs of cycloids 
meeting in the pitch line. 

Art. 154. — In Art. 150, where the teeth have radial flanks^ 
the matter is not quite so simple, for the describing circles which 
give the radial flanks are in each case to be of one-half the dia- 
meter of the pitch circle in which they respectively roll ; and here 
one of the pitch circles is infinite, 
whence it follows that a circle half its ^^^' ^°^' 

diameter is infinite also, or may be re- 
garded as a straight line. 

The curve traced out by one ex- 
tremity of a straight line rocking upon 
the circumference of a given circle, is, 
of course, the same as that described 
by one end of a string PQ, which is 
kept stretched while it is unwound from 
the circumference of the circle. The 
end of the line, or the end of the 
string, is at first at the point A in the curve AP, and the curve is 
traced out while the line rocks in one direction, or during the un- 
winding of the string. 

This curve AP is a very well-known curve, and is called the 
involute of a circle. We have met with it before, and we proceed 
to show that in the case of a rack and pinion having teeth with 
radial flanks^ the driving surfaces of the teeth upon the pinion will 
he the iftw/ufes 0/ t/iej>itch circle of the pinion \xi o^'e.'sXva^, 
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; refer to fig. aoj,' 1 




iSS- — To make this matter dear, we refer to fig. aoj,' 
Frc. 503. and obser\-e that the circle F, 

rolling upon a straight line, 
generates a cycloid and gives 
the form of the driving sur- 
faces of the teeth upon the 
rack: the circle G becomes 
infinite, and E/ changes to a 
straight line. The change 
which the rest of the con- 
struction undergoes is simply 
the substitution of the invo- 
lute gp for the corresponding epicycloid, the circle G having 
passed into a straight line. 
The change is scarcely 
visible to the eye, but the 
form of the teeth is shown 
in the diagram, where the 
r\-ed portions in the rack 
are cycloids, the radius of 
the describing circle being 
half that of the pitch circle 
of the pinion, and the curves upon the pinion are the involutes of 
its own pitch circle. 

Art. 156. — ^Where pins are substituted for teeth in either the 
rack or the pinion, we construct in accordance with the niie that 
the/!«j are always placed upon the follower. 






Let the rack drive the pinion. 
Here the circle A becomes m&Tiie, wxi live oiTsa "?t:j_i^Maa 
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«o a cycloid, so that the teeth upon the rack are cycloidal, 
jown in fig. 205. 

2. Let the pinion drive the rack. 

Here the circle B becomes infinitely large, and CP changes 
Ito a straight line, the curve PQ passing into the involute of a 
trcle, with the result exhibited in fig. zod, where the teeth of the 
river are the involutes of a circle and are known as invelvte teeth. 

Art. 157. — The last case to be brought before the reader is 
erived from a property of this involute of a circle, and the teeth 
re very easily obtained, but are not used in practice, on account] 
f their being unsuited for the transmission of any considerabI< 
wees. 

We proceed to show that the geometrical requirements of our' 
onstruction are fulfilled completely by involute 

Let k and B represent the centres of two pitch circles touch- 
ig at the point D, as shown by the dotted lines, and with B 
entre, and any line BQ, less than BD, as radius, describe another 
bcle. Through D draw DQ touching this smaller circle, draw 
LR perpendicular to QD produced, and with centre A and radius 
LR describe a circle touching QR ^^^_ ^ 

B the point R. 

' If now we take any point P in 
JR, and describe the involutes EP 
nd FP by winding two portions of 
trings, such as PQ and PR, back 
gain upon their respective circles, 
te shall have two forms of imaginary 
Ceth in contact, viz., EP and FP, 
ich that 

(i) These teeth have a common 
erpendicular to their surfaces at P, 
iz., RPQ. 

(z) This perpendicular cuts the 
be of centres in a fixed point D. 

But these are the conditions 
Jiich we are seeking to fulfil. 

No more direct illustration of our leading ptoijoaltiou covM. 
f conceived than this one. 
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The lines PR and PQ are the respective radii of curvatnt^ ■ 
of the involute curves in contact at P, while RQ, which is et^ual 
to RP+PQ, is the link of constant length connecting the a 
AR and BQ. 

The angular velocities of AR and BQ are therefore as BQ to 
AR, or as BD to AD, and this ratio remains constant so long as 
the curves EP, FP remain in contact. 

Art. 158. — In order to construct the leeth we must draw our 
Pj^ ^^ pitch circles touching in 

U, and then select some 
angle BDQ at which to 
draw the line RDQ. 
When this angle is de- 
termined, we obtain the 
circles of radii BQ, AR, 
by dropping perpendicu- 
lars upon RDQ from the 
centres A and B, and we 
then describe teeth of 
the required pitch by 
constructing the invo- 
lutes of these two cir- 
cles respectively. 

We observe, of course, 
that a great latitude is 
introduced from the circumstance that AD and BD remain con- 
stant while AR and BQ may have different values. 

In teeth of this kind there is no difference between the point 
and the flank : the whole of each edge of a tooth is one and the 
same curve, viz., the involute of one of the two arbitrary 
circles. 

And further, the points of contact of two teeth must lie either 
in the line RDQ, or in a second line passing through D, and 
touching both the circles upon the opposite sides. 

Art. 159. — To adapt this solution to the case of a rack and 

pinion, we note that one of the circles becomes infinite, and, fur- 

iher, that the involute of the infinite circle of radius AR is 3 

srra/]^ft£ijne perpendicular to ks cHc\imfeei\ce, t 
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Fig. 209. 




Fig. 2IO. 



to QD. Hence the teeth of the rack are straight lines perpendi- 
cular to the direction of 
QD. 

The direction of DQ 
is arbitrary; but when it 
has once been assumed, 
the radius BQ will be 
determined, and involute 
teeth can be formed upon 
B, the teeth of the rack 
being straight lines in- 
clined to the pitch line at an angle equal to BDQ. 

Art. 160. — ^There are now sundry general points for consi- 
deration. We may inquire, where does 
the action of two teeth begin, and 
where does it leave off? 

Referring to the solution in Art 
148, we observe that if the motion 
takes place m the direction of the 
arrows, and the describing circle be 
placed so as to touch either pitch circle 
in D, the contact of two teeth com- 
mences somewhere in «D, travels along 
the arc «D^, and ceases somewhere in 

Since aY> lies entirely without the 
pitch circle B, it is clear that the action 
in tfD is due solely to the fact that 
the teeth upon B project beyond the 
pitch circle B, and similarly that the 
action in D^ depends upon the projections or points of the teeth 
upon A 

It is further evident that the greater the number of teeth upon 
the wheels, the closer is their resemblance to the original pitch 
circles, and the more nearly is their action confined to the neigh- 
bourhood of the point D. 

By properly adjusting the amount to which the teeth are 
allowed to project beyond the pitch circles, aivd ^?»o \Jwt\s. \ssixs\.- 
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bers, we can assign any given proportion between the arcs of con- 
tact of the teeth upon either side of the hne ADB. 

Where the teeth upon B are pins, there is comparatively very 
little action before the line of centres, and there would be none at 
all if the pins could be reduced to mere points, as in that case 
there would be nothing projecting beyond the pitch circle B. 

Again, since the line DP in Art. 147 is a perpendicular to the 
surfaces in contact at P, it follows that the more nearly DP re- ' 
mains perpendicular to ADB, the less will be the loss of the force 
transmitted between the wheels. 

Here we have an additional reason for keeping the arc of con- 
tact as close as possible to the point D. There is a sensible loss of 
power as soon as the line DP differs appreciably from the direc- 
tion perpendicular to AB. 

It is on this account that involute teeth are not used in ma- 
chinery calculated to transmit great force. The line RPDQ in 
Art. 157 is always inclined to the line ADB at a sensible angle, 
and a direct and useless strain upon the bearings of the wheels is 
the result. 

Art. 161. — In combinations of wheelwork, the accurate po- 
sition of the centres must be strictly preserved. All the solutions 
given above, with one exception, entirely fail if there be any error 
in centring the wheels ; they are totally vitiated if anything arises 
to deprive them of their geometrical accuracy. The exception 
occurs with involute teeth ; the position of the centres determines 
the sum of the radii of the pitch circles, and the wheels will work 
accurately as long as the teeth are in contact at all. 

We see too that teeth with radial fianks are not suitable for a 
set of change wheels ; the describing circles of one pair of wheels 
are derived directly from their pitch circles, and cannot be adapted 
to any other pair in the series. 

Where, however, the solution in Art 148 is employed, the 
describing circles may be made the same for all the pitch circles, 
instead of varj-ing with each one of the series, and in that case 
any pair of wheels will work truly together. 

As regards the strength of the teeth, we remark that this quality 
is inlJuenced by the si2e of the describing circle. 

If the diameter of the de3ciM'nsc:iicXs;W\e.^s'eKa.w,tsj{!a^\ji^ 
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or greater than the radius of the pitch circle, we shall have the 
jfianks as shown in the sections tf, b, c of the sketch. 



Fig. 21X. 
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It is evident that a small describing circle makes the teeth 
strong, and that it would be unwise to have them weaker than 
they are with radial flanks. The form of involute teeth being 
somewhat similar to that of a wedge, the teeth of this character 
are usually abundantly strong. 

It will be proved, when we treat of rolling curves, that the 
surface of one tooth must always slide upon that of another in 
contact with it, except at the moment when the point of contact 
is passing the line of centres. 

This matter should be well understood, the teeth are per- 
petually rubbing and grinding against each other ; we cannot pre- 
vent their doing so : our rules only enable us so to shape the 
acting surfaces that the pitch circles shall roll upon each other. 

Nothing has been said about the teeth rolling upon each other; 
it is the pitch circles that roll ; the teeth themselves slide and rub 
during every part of the action which takes place out of the line 
of centres. 

Since, then, the friction of the teeth is unavoidable, it only re- 
mains to reduce it as much as possible, which will be effected by 
keeping the arc of action of two teeth within reasonable limits. 

Generally, the friction before a tooth passes the line of centres 
is more injurious than that which occurs after the tooth has i^assed 
the same line : the difference between p\is\vm% ^ \q^iJ^{L\T%'5.xl\^ 
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along Ihe ground before you and drawing it after you has been 
given as an illustration of the difference between the friction 
before and after the line of centres ; but this difference is l 
appreciable when the arc of contact is not excessive. 

Where a wheel drives another furnished with pins instead of 
teeth, the friction nearly all occurs after the line of centres ; 
hence such pin wheels are very suitable for the pinions in clock- 
work. 

Art. 162. — When the axes are not parallel we must employ 
bevel wheels, the teeth upon which are formed by a method due to 
Tredgold. 




Let FEDH, KEDL, represent the frusta of two right cones, 
whose axes meet in C, and which are therefore capable of rolling 
upon each other. 

Let it be required to construct teeth upon two bevel wheels 
which shall move each other jusl as ihtat cones move by rolling 
-intact 
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Draw ADB perpendicular to DE, meeting the axes of the 
cones in the points A and B. 

Suppose the conical surfaces, HAD, BDL, to have a real exist- 
ence, and to be flattened out into the circular segments DR, DS : 
these segments will roll upon each other just as the circular base 
HD rolls upon the circular base DL. 

Hence these segments will serve as pitch circles, upon which 
teeth may be constructed by the previous rules : such teeth may 
be formed upon a thin strip of metal, and their outline can then 
be traced upon the surface of the cone terminating in A. 

Similarly, if hYja be drawn perpendicular to ED, the circle of 
radius Kd = E^ will be the pitch circle for the teeth upon the 
conical surface E«F. The teeth will taper from D to E, and the 
intermediate form will be determined by a straight line moving 
parallel to itself, and originally passing through the points D and E. 

It is stated in Buchanan's account of this method that * the 
length of the teeth, the friction of them, and the peculiar advan- 
tages of the different modes of forming them, may be considered 
on the developed pitch lines in the same manner as if they were 
the pitch lines of spur wheels ; consequently every remark that 
applies to the one, applies to the other. Indeed, the only difficulty 
in this construction of the teeth of bevelled wheels consists in 
applying the patterns correctly to the conic surface whereon the 
ends of the teeth are to be described.' 
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CHAPTER VI. 



Art. 163,— When a train of wheels is employed in mechanism, 
the usual arrangement is lo fasten two wheels of unequal size upon 
every axis except the first and last, and to make the larger wheel 
of any pair gear with the next smaller one in the si 




then e 



Let A be the driver, Lthe extreme follower, and conceive,! 
L makes (e) revolutions while A makes one revolution ; 

_number of revolutions of L in a given time 
"number of revolutions of A in the same time 
It will be convenient to distinguish (e) as the value of the train, 
and the ratio which it represents may be at once found when the 
numbers of teeth upon the respective wheels are ascertained. 

Suppose that A, B, C, D, &c., represent the numbers of teeth 
upon the respective wheels, thus we infer from the condition of 
rolling that 

number of revolutions of B in a given time A 

number of revolutions of A in the same time B 
and similarly for each pair of wheels : 



_A. C E. 



&.^,...^ 



K 



, I 
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It may frequently simplify our results if we regard e as positive 
or negative according as A and L revolve in the same or in oppo* 
site directions : thus, in a train of two axes, e would be negative, 
and in a train of three axes it would be positive. 

The comparative rotation of wheels is estimated in various 
ways, thus : 

Let N, n be the numbers of teeth upon two wheels, such as 
A and B. 
R, r their radii 

P, p their periods of revolution. 

X, X the number of revolutions made by each wheel in 
the same given time. 
It is easy to see that 

"^ n^ r" p X' 

Note, — A belt and a pair of pulleys supply a mechanical 
equivalent for spur wheels : the belt may be open or crossed, and 
in either case 

the number of revolutions of B in a g iven time 
the number of revolutions of A in the same time 

__diameter of A 
""diameter of B 
The crossing oif the belt merely reverses the direction of one of 
the pulleys. Whence it follows that two pulleys with a crossed 
strap are equivalent to two spur wheels in gear, but that if the 
strap be open the combination is equivalent to three spur wheels. 
Ex. Suppose that we have a train of five axes, and that 

1. A wheel of 96 drives a pinion of 8. 

2. The second axis makes a revolution in 12 seconds, and the 
third axis in 5 seconds. 

3. The third axis drives the fourth by a belt and a pair of 
pulleys of radii 20 and 6 inches. 

4. The fourth axis goes round twice while the fifth goes round 

three times. 

TT 06 12 20 3 

Here ^=Vx — x-^-x ^=144, 

or the last axis makes 144 revolutions while the ^tsl aid<& %oe.^ 
round once. 
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Art. 164. — ^An example of the communication of motion direct 
from the fly-wheel of an engine to a rotating fan by 
pulleys and bands is given in one of Sir J, Anderson's diagrams. 

Here the beam of the engine vibrates through the arc ab, and 
the crank pin at the end of the connecting rod describes a circle, 
the diameter of which is to that of the iiy-wheel A as 4 to ii, or 
as I to 3, Let the mean pressure on the crank pin = 6000 lbs., 
then the tangential pressure at circumference of fly-wheel is equal 




to 2000 lbs. It will be seen that the motion is carried from the 
fly-wheel A to ihe pulley B by an open strap, then from the pulley 
C to D by means of a crossed strap, then from E by an open strap 
to F. the fan. In each case there is an increase of the speed of 
rotation of the driven pulleys, and a corresponding decrease in the 
driving pressure. 

According to the numbers set out on the diagram the fly-wheel 
makes 20 revolutions per minute, and the fan makes 1600 revolu- 
tions in the same time, the rate of increase being arrived at by a 
comparison of the respective diameteis oi 'CciLe iTOWs.a.-n.'ifo'AQweM. 
Ip like manner the tension oi eac'tv N».tv6 TOa.-i "m. iefiL\ssa&. 
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from the principle of work, by observing that the product of the 
tension of a band into its linear velocity is constant. Whence, 
linear velocity of band on C \ linear velocity of band on B : : 8 : 3. 

Therefore, tension of band on C=^ k 2000 lbs. =750 lbs. 

In like manner, tension of band on E=- x 750 lbs. =300 lbs. 
The results are tabulated on the diagram as follows : — 





Diameter 


Revoludons 


Pressure 


A 


12 


20 


2CX)0 


B 


3 


80 


2000 


C 


8 


80 


750 


D 


2 


320 


750 


E 


5 


320 


300 


F 


I 


1600 


300 



Art. 165. — It is very obvious that a wheel and pinion upon 
the same axis is a combination equivalent to a lever with unequal 
arms, and modifies the force which may be transmitted through 
it, and, further, that a single wheel is equivalent to a lever with 
equal arms, and produces no modification in the force which may 
pass through it 

So, therefore, when any number of separate wheels are in gear, 
no two wheels being upon the same axis, they are equivalent to a 
single pair of wheels, viz., the first A, and the last L : the inter- 
mediate wheels act as carriers only, and transfer the motion 
through the intervening space. 

Fig. 315. 




This also appears fi'om the formula, where we find that 



ABC 



K A 



^■"B^C^b^'L""!: 



r 
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concerned ^^\ 



which is the same result as if A and L were alone c 
the movement. 

Art. 166. — If, however, a single wheel, such as B, be inter- 
posed between two other wheels A and L, although B will not 
modify the force transmitted, nor alter the velocity, it may be 
useful in changing the direction in which the wheel L would 
otherwise revolve. An intermediate wheel so introduced is tech- 
nically called an idle wheel, and we give instances where this 
intermediate wheel serves a very useful purpose in causing two 
other wheels to rotate in the same direction with precisely the 
same velocity. 

. 1. The student will remember the peculiar heart-shaped cam 
for driving the needle bar in a sewing machine, as well as the 
combination of two cranks and a link for giving motion to the 
shuttle, and he will find on looking back that in each case the 
driver was a pin rotating in a circle. 

The machine from which these movements were taken illus- 
trates a combination of three spur wheels in 
gear, the central wheel being the driver, and 
the other two wheels being equal and re- 
volving in the same direction with equal ve- 
locities. 

There is a small fly-wheel driven by hand, 
on the axis of which is the spur wheel B, and 
the object being to cause two parallel axes at 
A and C to rotate in the same direction, and 
at the same rate, it is arranged that equal 
f f . J spur wheels, A and C, shall both gear with B, 

V\^ J in the manner shown by the pitch circles 

marked in the sketch. 
z. The Blanchard turning-lathe, of which a portion is shown 
in the sketch, is used for shaping the spokes of wheels, gun-stocks, 
shoe-lasts, and other pieces of an arbitrary form, which no one 
could imagine, until the method was explained, as being the sort 
of objects that would probably be turned in a lathe. 

But the solution is, that this copying principle admits of end- 
less application, and it will be seen that if we place two lathes side 
by side, and cause the actual cuttei m ii\c ovia \o ttj-^ wajAVj the 
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form which an imaginary cutter is tracing out upon a model in the 
other, we shall reproduce upon a piece of wood placed in the 
second lathe the precise pattern which exists as the copy. 

In the drawing the mandrels of the two lathes are shown at F 
and G, the dark oval at F representing a section of the spoke of a 
wheel, and being, in fact, an exact copy in iron of the thing to be 
manufactured. The spoke F is attached to the wheel A, while B is 
an intermediate wheel or driver, and C is another wheel of the 
same size as A. 

Fig. 217. 




The unfinished spoke is placed parallel to the copy, along the 
axis of the wheel C, and the function of the intermediate wheel, 
or driver B, is to cause the material to revolve in the same direc- 
tion and at the same rate as the pattern. 

A sliding frame, K, carries a tracing wheel, I, with a blunt 
edge, which is kept pressed against the pattern by a weight or 
spring, and also contains the cutters, H, which are driven at a 
speed of about 2,000 revolutions per minute by an independent 
strap. 

The circle described by the extremities of the cutters is pre- 
cisely the same size as the circle of the tracer, and it follows that 
the exact form which the tracer feels, as it were, upon the pat- 
tern, will be reproduced by the whirling of the cutters against the 
material, G, and that the spoke may be completed by giving a 
slow motion to the combination in a direction parallel to the axis 
of the pattern. 

Sometimes the tracer and cutters are irvoMTv\.ed \r^xv ^.tc^Okcw^ 

o 2 
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of the nur- I 




frame, instead of upon a slide rest, but the principle of t 
chine is not changed thereby. 

P,^ ^,„ An intermediate wheel may abo be 

useful when two parallel axes are so close 
together that there is not space for the 
ordinary spur wheels. 

In such a case the axes A and C may. 
be connected by a third wheel, B, and will 
of course revolve in the same direction. 

The wheel, B, is elongated so as to 
gear with both A and C, and is called a 
Marlborough wheel. The axes might also 
be connected without wheelwork, as we shall see hereafter. 

Art. 167. — Speed pulleys are so called because they allow of 

the transfer of different velocities of rotation from one shaft to 

P,j. j,^ another : they ate much used in 

engineers' factories. 

MM I I f. They are made in a series of 

e4 J I f3 /^^X steps, as shown in the diagram, one 

pulley being the counterpart of the 

other, but pointing in the opposite 

direction. 

If the steps be equal, as is com- 
monly the case, the sum of the radii 
of each pair of opposite pulleys will 
be a constant quantity. 

It is a geometrical fact that 
when two circles are placed with 
their centres at a given distance, 
and are so related that the sum of 
their radii remains constant, an end- 
less crossed band connecting both the circles will not varj' in 
length in the smallest degree during- the change in the actual dia- 
meter of each circle. 

Hence a crossed strap will fit any pair of the pulleys in our 
series with perfect exactnes.s, 
TJje pmoi is the following :— 
Let A and B represent two 'pu\\e.^=. ■«\ici?ie Ta.i\\ ^e, fece asA. 




speed Pulleys. 



197 



BQ, and assume that AP+BQ remains unchanged while AP and 
BQ respectively increase and diminish, 

and let AP = x, BQ =jf, PAC = DBQ = a 
Then CPQD==^6+jj^0-|-PQ, 

= (^+jf)6+PQ. 
But it is clear that if AP be increased by a given quantity, and 
BQ be diminished by the same quantity, we shall not chahge the 
length of PQ by reason that the alteration will only cause PQ to 
move through a small space parallel to itself between the lines 
AP, BQ which are also parallel. 

Also X -^-y is constant by hypothesis, 

/. CPQD remains unaltered in length so long as our condition 
holds good. 

It may be interesting to examine this matter a little further, 
and to find an expression for the length of an open band connect- 
ing two given pulleys. We will assume that we are dealing with 
step pulleys, the sum of the radii being 2a in every case, and x 
being the depth of the step or steps, or the quantity by which 
either radius differs from the assumed 
value of the semi-sum of the radii 
LetAP=a+^, 
CQ = ^-^, 
AC = r, 
PA« = 6 = QC^, 

and let /= length of the band PQRS. 

Then the curved portions of the ban,d 
resting upon the pulleys are (tt + 28) (a-\-x) 
and (tt — 26) (a—x^ respectively. 

/. /=(7r + 20)(^ + ^) + PQ 

+ («•- 20) (^-^)-|-RS, 

= 27r^ + 40^+2PQ. 

Now— ^ = COS a 
AC 

.-. PQ = AC cos = ^ COS 0, 



Fig. 220. 




also - 



CQ • a 

-^ = sm 0, 



AC 

.•. 2x-=i AC sin 6 = t sin 0, 
.*. /= ZT^a-^-id^ sin 6 + 2c co^ Q. 
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It is evident that / is no longer constant, and that it must neces- 
sarily change when x or changes: still the variation of length 
may be so little as to be disregarded under the ordinary propor- 
tions occurring in a workshop. 

Since (* would seldom represent an angle so large as lo', and 
we have pointed out in Art 1 1 1 how small a difference exists be- 
tween sin (J and fl within even larger limits, v 
sinH=ft, 



then cos 9 = 



2fl»_ 



(.2 



I 



'(-?> 



Call I' the value of I when x= 



; l-l'= 



which expresses the difference of the lengths in a con 
form. 

It is apparent at once that / is greater than P. 

It has been stated that this difference is very trifling ii 
cases, and the following example is an illustratioiL 

Let the diameters of the steps of the pulleys be 4, 6, 8, 10, 12 
inches respectively, and let / be the length of strap for the pair 
of 12 and 4, while I' is the length for the equal pair of 8 and 8, 
the distance between the centres of the pulleys being 6 feet 



Then /-/'=4 "■— "" 



- inch, which is rather less than 



\ of an inch. 

In practice, open bands are usually preferred to those which 
are crossed. The latter embrace a larger portion of the ( 
/erence, and are therefore less \iab\e to s^p,b\i^ xht-j tub and « 
/iWftyat the point where they ctdk. 
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Art. 168. — As an example of the use of speed pulleys, we 
refer to the contrivance sketched in fig, azr, which is to be found 
in every large lathe, and is useful in other machinery, where it is 
required to obtain increased power or a diminished speed It 
enables the mechanic to change the velocity of the mandrel of the 
lathe, and gives another simple example of the use of wheels in 
trains. 

There is a driving shaft overhead, provided with a cone pulley, 
and with fast and loose pulleys, which receive the power from 
the engine : a second 
cone pulley, F, is fitted 
on the spindle of the 
lathe, and rides loose 
upon it : to this cone is 
attached a pinion G, 
which drives a wheel H, 
and so the motion is 
communicated by the 
pinion K to the wheel 
L, which is fastened to 
the mandrel of the lathe, 
and turns wth it. The 
result is that the wheel 
L revolves much more 
slowly than the cone 
pulley F, and that the 
speed of the mandrel is 
reduced by the multi- 



. GxK 
HxL' 



where G, 




H, L represent the 
numbers of teeth upon 
these wheels respec- 
tively. 

Where the lathe is 
worked at ordinary 
\ speeds, the wheels H 
wd K are pushed out of gear by aUdvn% t.\ve i^itce. ViS-"-i»-'&«:- 
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dircctkm of its asis, as shown in the lower diagram, and the con^' 
iwlley, F, is fastened to L by a pia 

This pin must of course be removed as soon as the slow mo- 
tion comes into work. 

As this mo\-ement is vety similar to the gearing in a crane, we 
shall presently ewmine the application of these trains in raising 
heavy weights, and shall see how they may be applied so as to 
reduce velocity, and thereby to increase the amount of force 
wWch is called into ptay. 

AlWr what has been slated it is scarcely necessary to point 
out the express use of conical pulleys ; they form an obvious 
modification of step pulleys where the change is continuous in- 
stead of being abrupt 

There are two forms, one where the obh'que edges of a section 
are [unillcl straight lines, and the other where the convexity of 
one section exactly fits into the concavity of the other, 

pj^_ j^^ If the band be crossed we 

r p, have seen that it will retain the 

— same tension in every position 
upon the cones. If it be open, 
it will be less stretched at the 
middle than at either end, ac- 
cording to Art. 167. When the 
obliLjuity is small, the difference 
becomes absorbed in the elas- 
ticity or ' sag ' of the band ; 
otherwise it must be provided for by giving convexity to one or 
both of the cones. 

The rotation of the upper cone being uniform, it is evident 
that the rotation of the lower cone will decrease as the strap is 
shifted towards the right hand. 

One of the cones is sometimes replaced by a cylindrical drum, 
in which case the strap must be kept stretched by a tightening 
pulley. 

As an illustration, we refer to the use of these conical pulleys 
in the manufacture of stoneware jars and other large earthenware 
vessels, where a mass of clay \s (as\\\oivei wAo \kft TtofiVTed form 
"arotatj'ng table, and the woiVma-u \a.-c\e^ "iw wjitisi. tA fwt 
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Fig. 223. 



table according to the requirements of the work by shifting the 
driving strap along a pair of cones. 

Art. 169. — A common eight-day clock affords a familiar illus- 
tration of the employment of a train of wheels. 

We have marked the disposition of the wheelwork in a clock 
of this character, and the various wheels are named in the sketch. 

The great wheel turns round once in 12 hours, and may have 
96 teeth. Suppose it to engage with a pinion of 8 teeth on the 
axis or arbor of the centre wheel, this pinion will turn twelve 
times while the great wheel turns once, and is capable of carrying 
the minute hand. Let the pendulum swing 60 times in a minute, 
or be a seconds* pendulum, the scape wheel will then have 30 
teeth, and will be required to turn once in a minute. 

Hence the value of the train from the centre to the scape 
wheel should be 60 ; and in constructing the train we observe 
that if the pinions on the axes of the second and scape wheels 
have each of them 8 teeth, 
the centre and second 
wheels may have 64. and 
60 teeth. In such a case 
we should have 
64x60 
8^ 8 

In order that the clock 
may go for 8 days, the 
great wheel must be cap- 
able of turning 16 times 
before the maintaining 
power is exhausted. 

It is easy, to see that 
if the speed of the scape 
wheel at one end of the 
train be increased, and if 
we are at the same time 
limited in respect of the 
number of rotations of the 
great wheel, it will be con- 
venient to introduce a new axis into the iTairv ', ^xvd, ^LCCcyt^Yw^^^ 



^= 



=60. 




WEIGHT 



J_^ 



n tbe train of a watch, 
znt fimcrion of a pen- 



-icriiis is found in the 
z^:ick or "watch, and in 
:serre thai in a dock or 
rir ::r":i:>r or axis of the 
zn-iiird to a pipe which 
rrc ibe minute hand 
^ vf have to do is to 
5 vrich shall reduce 



1 



Vn 



- . . * --.» ~ 




ft ik«-ft r**3 



__ ^ » _ _ __ -? » - _ _ 






i> -5^ ."_:--. :> rj^:c: 



V 






ni represents the 
-lei :o the axis of 
1 r*i5>i> through G 
le-i :o the pipe on 
he nij.r.drel of the 
e ecu^iion 



^ • ^r 2> X 



Ak7. 17c. — The nerhzrism cf a lifiir.i: crab for raising 
weighis affords an t.trzzr.nr/ ex:ir.:y'e cf the use of a train of 
wheels. 

The dia;£ram is from Sir J. Anderson's series. On the right 
hand there is an elevation of the crab, showing the upper shaft, 
Ali, to whif:h the dri\ing lever handles are attached. 

idius of the circle des,ci\bed \i^' \.W <i^V[ew\it\ of the 
e is to that of the spui vsVvee\ C ;xs ^ w. 



V 



\ 




The diagram is analysed for the use of a teacher. The mark-' 
ings 'Dis. i,' 'Dis. 5,' &c, Indicate the relative distances at which 
the forces act, and the markings ' Mo. 5," ' Mo. 25,' give the key 
to the mechanical advantage gained. Thus, when the rope at- 
tached lo the weight is puEed in by one foot, the corresponding 
motion of a point in the circumference of the large pitch circle 
on the axis of the drum is 5 feet, while the motion of the end of 
the driving handle is 25 feet. Hence, by the principle of worl^ 
60 X as^.t X I, where x is the resistance overcome, 
therefore ,r=i5oo lbs. 

The arrangeraeni of wheelwork in a crane for raising the 
heaviest weights would be something of the character shown in 
fig. ii6, with this difference, that the wheels would be broader 
and more massive as we approached the axis on which the h 
direct)/ acis. 
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We take a case in which four men, each exerting a force of 
15 lbs., could raise a weight of somewhat more than 4 tons. 

As we are only examining the theoretical power of the coraiK- 
nation, we will neglect the loss of power by friction. 

The men act upon the winch -handles, and the length%of the 

arms of these handles are shown as being equal to the diameter 

of the drum on which the rope or chain is coiled. This gives 1 

leverage of z to i. 

Fig- ■'■'i- We next obser\-e that a la^e 

and small wheel are placed upon 

each a.\is, and calling e the value 

of the train, we have the relation, 



Hence the wheelwork multiplies 
the power 75 times, while the 
proportion between the length 
of the winch handles and the 
radius of the drum multiplies 
the power by 2, and thus we re- 
duce the velocity of the weight 
which is being hfted 150 tiroes 
as compared with the rate at 
which the ends of the handles 
will move ; that is to say, the 
power exerted upon the weight 
is 150x60 lbs,, or 9000 lbs,, 
which is larger than 4 x 2240 lbs,, or larger than 4 tons expressed 
! in pounds. 

I Art. 171. — It is a maxim among mechanics that all screm 

L which are required to be perfectly accurate must be cut in a 

■ lathe, and there is a geometrical reason for this statement, de- 

I pending upon the varying inclination of the screw surface at dif- 

V ferent distances from its axis. 

V In cutting a screw-thtead \i^n a, t»Vt vfithout using a lathe, 
K vfe employ pieces of a nut -wViic^v 'soiAi e.wis.'Cq %s. ■&*& "rae* 




Screw Cutting. 

'nished, in order to carve out the thread. These pieces, 
rhich are called dks^ are made of soft steel in the first instance,' 
It are afterwards hardened and tempered, and have cutting edges, 
ley are pushed forward by wedges towards the axis of the boltj 
iring the operation of cutting the thread. 
It Tollows that the angle of a ridge upon the die or cutter 
to trace out the screw-thread upon the bolt. But this 
igle corresponds to the imide line, in the hollow between two 
■hen the screw is completed. \\'e begin, therefore, by 
icing out a line, which is slightly different in inclination from 
line of the thread that we require. The inclination of the 
(hread, when the cutter begins its work, is not theoretically the 
same as when it leaves off. The difference is scarcely appre 
ciable, or even recognisable, in small screws ; but it exists not- 
withstanding, and we encounter in screw-cutting a practical diffi - 
^ultv which has never been absolutely overcome. 



'e can only avoid this difficulty by having recourse to the 



>ieces, ^^^1 
tance,' ^^^k 
edges. ^H 
^bolt, H 

cutter ^^1 
It this J^l 



^ultvi 



:kthe. 

In order to make this statement more intelligible, we refer 
the sketch where RPM, RQN represent two right-angled . 
iangles concerned in the formation of a screw-thread of a given 
ich. 

Let PM=QN, and conceive that the triangle RPM is wrapped 
3und a right cylinder, the circumference of whose base is RM, 
iien RP will form a screw-thread p,^, ^^, 

rhose inclination is the angle 
'RM. In like manner RQN , \ 
ly be wrapped round a larger ~ 

'linder, the circumference of 
base is RN, in which case 
LQ will be the screw-thread 
at an inclination QRN. 
ins, for screw-threads of the 

pitch the inclination is less ^ ^ 

the cylinder on which the thread is traced becomes greater. 
Bearing this in mind, let DABCE represent a section of a die 
Arhich is to be employed to carve out a screw-thread on a cylinder 
; axis is HH. The cutting edges at C aui N. tit=j\. twast i 




J l^^ 
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upon the cylinder, and they correspond to the angles of die | 
Ihread marked c, a, respectively. They therefore begin by tracing 
out a thread whose inclination is greater than it should be, and 
it is manifest that this difficulty is incurable so long as we are 
operating with ordinary dies. 

Art, 172. — The principle of construction of the screw-cutti>^ 
lathe will be apparent from the sketch. 

Here the copying principle receives one of its most valuable 
applications. The maker of a lathe furnishes a screw, shaped 
with the greatest care and exactness, and places this screw in a 
line parallel to the bed of the lathe. 

The lathe now carries within itself a copy, which can be re- 
produced or varied at pleasure, for by means of it we can advance 
the cutter so as to carve out any screw that we may require. 

The screw-thread which forms the copy is traced upon the 
Fio. las. axis CD, and has a definite 

4 ^_^^-,___ '' P'**^'' assigned to it by the 

' " — I maker. 

This screw carries a 
nut, N, and, disregarding 
the actual construction, we 
'1 ' n 1. _l will suppose that the nut, N, 
^ is furnished with a pointer, 
P, capable of tracing a screw-thread upon another axis, AB. 

Conceive, now, that AB and CD are connected by a train of 
wheels in such a manner that they can revolve with any required 
relative velocities. 

Upon each revolution of CD the nut advances through a space 
equal to the pitch of the screw. If AB also revolve at the same 
rate as CD, and in the same direction, the point P will describe 
upon AB a screw-thread exactly similar to that upon CD. If AB 
revolve more or less rapidly than CD, the pitch of the screw upon- 
AB will be less or greater than that upon CD. 

A train which would conveniently connect the axes is shows 
in fig. zag. Here C is the axis of the leading screw, and A carries 
the bar which is to be the subject of the operation ; it is, in hfX, 
the mandrel of the lathe. 

Let E, F, K, H represent the nuttftje-T?, ol >i!ne.\.«,eOn-w3a\i.%!ft. 
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wheeb so distinguished, and let e be the value of the train, and 
suppose AB to make {m) revolutions for («) revolutions of CD, 

pitch of screw on AB _ '^ __ . 

pitch of screw on CD m 
. pitch of sc rew upon AB_ExK 



we have therefore 



Kit e= 



FxH 



'pitch of screw upon CD FxH 




The guiding screw being right-handed, tne above arrangement 
is suitable for cutting right-kanded screws. 

To cut a left-handed screw it is essential that AB and CD 
shall revolve in opposite directions. 

Now AB revolves with the mandrel of the lathe, and therefore 
the direction of the rotation of CD must be reversed. This is 
effected by interposing an idle wheel between H and K, which re- 
verses the motion of the guide screw, CD, and makes the nut 
travel in the reverse direction. 

There is a double slot or groove upon the arm which carries 
K, in order to allow the adjustment of this i4\e wVwV 
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A set of change wheels is furnished with these lathes, and J 
table indicates the wheels required for cutting a screw of any given 
number of threads to the inch. The screw upon CD having two 
threads in an inch, the numbers of teeth to be assigned to E, F, 
H, K, are given in the table of which a specimen is subjoined 



»... 


r threads ptt inch 


E 


F 


K 


H 




12 


60 


90 


10 


I» 




lil 


60 


Si 


20 


90 




•3 


90 


90 


10 


130 




13* 


60 


90 


=0 


90 




nl 


So 


.00 


10 


110 




14 


90 


tw 


,0 


140 



Ex. Let the pitch of the screw upon CD be ^ an inch, and 
let it be required to cut a screw of -rj-inch pitch upon AB, ( 
screw with 13 threads to the inch. 

Here e = — , which is satisfied in the following manner u 

ExK ^ 90-^20 
F X H 1 30 X 90' 

In the case of the micrometer screw with 150 threads to ihe I 
inch, mentioned in the introductory chapter, a lathe is employed 
for cutting the thread. 

The guiding screw has 50 threads to the inch, and the mandrel 
of the lathe rotates faster than the guiding screw in the proportion 
of 3 to 1. 

This change of velocity is effected by two wheels having these 
proportions, and connected by an intermediate wheel, the position 
of the centre of which can be altered so as to suit principal wheels 
of different sizes. 

The cutter which shapes the thread has a fine pointed edge, 
and the screw is nearly finished in the lathe, but is finally rendered 
perfect in form by screwing it ftnou^ ^ -^t o^ Sve.^ ttja laltei 
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peiation has a tendency to alter the pitch of the screw by per- 
inaneiitly stretching the metal of which it is made, and should 
therefore be resorted to as little as possible, 

A screw with 150 threads to the inch, and furnished with f^g 
graduated head reading off to hundredths of a revolution, woul 

measure a linear space of or rjjTnith of an inch. 

Art. 17J. — We pass on now to an enquiry into the construc- 
tion of a train of wheels for any given purpose ; and here it is ne- 
cessary to point out that mechanicians are tied down by practical 
Considerations, whereby it often happens that an arrangement, 
which is quite simple and feasible in theory, would nevertheless 
^rove utterly absurd if any attempt were made to carry it out in 
practice. One very simple example will explain what we mean. 

Suppose it to be required to communicate motion from one 
axis, A, to another, C, and that C is to make 60 revolutions while 
A makes i revolution, as in the clock train. If A be made I»j 
drive C directly, it is clear that the number of teeth upon A n 
be 60 times as great as the number upon C, so that if C have i 
'teeth, A must have 480 teeth. 

This would involve the use of two wheels side by side, one o 
which was 6a times as large as the other, to say nothing of the J 
practical difficulty of dividing the larger wheel so as to form t 
' teeth, and accordingly no such combination is to be found ii 
clock train. 

But the insertion of an intermediate axis relieves us at onofl 
from the difficulty. 

Place such an axis, which we may call B, between A and Qfl 
and fasten upon it two wheels of 8 and 60 teeth resi>ectively, givej 
64 teeth to A and 8 teeth to C, and the value of the train becomaj 
~ — ^, or 60, the necessary result being obtained with perfea 

ease and complete simplicity of construction. 

Art, i74.^We see, then, that this problem of connecting 

I two axes by a suitable intermediate train of wheels is an arithme-J 
tical problem which may, of course, in some cases prove extremelyj 
troublesome, and may demand a considerable amount of axithm 
tical ingenuity. 
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The value or t being assigned as a fraction, ihe only thing b 
be done is to resolve the numerator and denominator into their 
prime factors, and then to compose the best train which may sug- 
gest itself. 

Thus, let it be required to connect two axes so that one shall 
revolve « times while the other revolves once. 

Assume some value for «, say 720. ^^— 

Then ^ = « = 10 x 9 x 8, ^H 

^ 8ox7ex64 ^H 

8x8x8' ^H 

which gives a probable solution for the train. 

If any of the factors appear unmanageably large, we may ap- 
proximate to the value of e by continued fractions, and seek other 
factors which present less difficulty. If the value of e be an in- 
teger, we have seen that it must still be split up into factors, and 
must be further multiplied and divided by the numbers of teeth 
ic each pinion. 

Thus, suppose the two axes are to be connected whereof one 
revolves in 24 hours, and the other in 365 days 5 hours 48 minutes 
48 seconds, as in Mr. Pearson's orrery. 

Since 24 hours = 86400 seconds, 
and 365 days 5 hrs. 48 min. 48 sec = 31556928 seconds, 
- . — 315569^8 
86400 ' 
^ '64359 
450 ' 
_26g_x47_>113 
lox 9 X5 ■ 
Here 269 is an inconveniently large number, and ce 
too small. The wheel of 269 teeth cannot be got rid of witht 
altering the entire ratio, but the pinions of 9 and 5 teeth may be 
changed into others of 18 and ro teeth. 

Thus we have t = '^^^''^''^^ 

We might have approximated to e by an algebraical 
and have derived tlie fraction 

260 



>", as representing, i 



M^ 
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_4 4X 89x9 7 



0x13 



nds to 3. period ^H 



Bwhich avoids the higher number 269, and corresponds t( 

■of 365 days 5 hours 4 

Thus we have a train in which the numbers are suitable. 
Every possible arithmetical artifice is resorted to in cases of 

Ithis kind, and the ratio —3 has t>een dealt with after the following 

i manner, in virtue of the discovery that 269001=9x9x9 x 9x41, 

I and it is not very difficult to get upon the necessary track, for we 

e that 269001 is divisible by 9 because the sum of its 



divisible, and z 






divisible by 9 for a like reason, and thus we soi 
quotient after all the successive divisions by 9, 

Since i^9= ^^9°°° ^ 



9, which is again 
n anive at the last 



^ 2 very nearly. 

The numerator can now be split up into 3 factors, which will 1 
express the numbers of teeth in the 3 wheels of a train, and \ 
may consider that 

, = i5S=^?9~J^ ,ery marly, 



an approximation which would introduce an error of only one " 
revolution in 269000. 

Art. 175. — It is also a matter of enquiry to ; 
smallest number of axes which may be concerned in the trans- 
mission of any required motion, since we do not want to employ. ■ 
more wheels than are necessary. 

The smallest number of teeth which are to be allowed upon a J 
pinion must be given, as well as the largest number to be allowed J 
upoa any wheel. 



r 
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Suppose that no pinion is to have less than 6 teeth, and no 
wheel more than 60, and let us trace the values of e. 
With two axes e = -^ = lo. 

If the numerator he diminished, or the denominator be in- 
creased, the resulting value of e is lessened, or, in other words, 10 
is the greatest possible value of e when two axes are employed. 

With three axes the in-ealest value of e is — — -r-, or 100, and 
" 6x6 

with four axes it is 1000, and so on. 

Let e have some value between 10 and 100 ; we observe d»t 

three axes will suffice, and that each wheel must have lessthanfo 

teeth in order to reduce e from 100 to 60. 

Thus<=^x^=6o. 

Again, let e= 3—5.= lail, and suppose 180 and iz to be the 
3 
limiting numbers of teeth upon a wheel and pinion respectively. 
In the train which is about to be composed, we shall now find 
that this extension of the limits of the numbers of teeth upon the 
respective wheels and pinions will give us the power of arranging 
the train without increasing the number of axes. 

Here *=,s, 



Now i2if is less than 225, and therefore three axes will si 
as in the train represented by 

_ 180 146 

' 18 12' 

We may work out this arithmetical reasoning by the \ 

symbols, and then our solution will apply to every case which c 

occur. 

Assume now that/ represents the least number of teeth upon 
a pinion, w the greatest number upon a wheel, and let x represent 
the number of fractions in e. 

If all the fractions maWwvgM'g \\\e va\iie.o^ e -Mtxttc^^'Wi *a^ 
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other and had the greatest admissible value, then e would reach its 
limiting value, and we should have 

www ^ r . tW\^ 

^= — X — X — .... to ^ factors = f — J , 
P P P \p) 

whence log e ^ x (log w — log/), 

logg 



log «/ — log/' 

Now X will probably be a fraction, in which case the next in- 
teger greater than ^ + i will represent the required number of 
axes. 

Ex, Let e = ^-^, w = 180, / = 12, 

3 

. «'-.ic . ^ - log 365 - log 3 

• •-7— — XS * »>A> — , 

/ log 15 

= I + a fraction. 

Now the integer next greater than ^ + i is 3, therefore 3 axes 
will be required 

We observe that it is not necessary to find the actual value of 
Xy but simply to ascertain the integer next greater than it. 

Art. 176. — It is sometimes a matter of enquiry how often any 

two given teeth will come into contact as the wheels run upon 

each other. We will take the case of a wheel of A teeth driving 

A a 
one of B teeth where A is greater than B, and let — =- when re- 

B o 
duced to its lowest terms. 

It is evident that the same points of the two pitch circles 
would be in contact after a revolutions of B or ^ revolutions of A. 

Hence the smaller the numbers which express the velocity ratio 
of the two axes, the more frequently will the contact of the same 
pair of teeth recur. 

I. Let it be required to bring the same teeth into contact as 
often as possible. 

Since this contact occurs after b revolutions of A or ^ revolu- 
tions of B, we shall effect our object by making a and b as small 
as possible, that is, by providing that A and B shall have a large 
common measure. 

^x. Assume that the comparative veVociX^ oi \)t\fc X-n^q^ -ark^^'^s* 
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intended to be nearly as g to a. And first make A = 
in which case we shall have 



5 exact ly, 



B 32 

or the same pair of teeth will be in contact after five revolutions of 
B, or two revolutions of A. 

2. Let it be required to bring the same teeth into contact ai 
seldom as possible. 

Now change A to 8i, and we shall still have ^=5 very nearly. 

or the angular velocity of A relatively to B will be scarcely dis- 
tinguishable firom what it was originally. But the alteration will 

effect what we require, for now —^ — , which is a fraction in its 
B 32 

lowest terms. There will therefore be a, contact of the same pair of 
teeth only after 8i revolutions of B or 32 revolutions of A, 

The insertion of a tooth in this manner was an old contrivance 
of millwrights to prevent the same pair of teeth from meeting too 
often, and was supposed to ensure greater regularity in the wear of 
the wheels. The tooth inserted was C3S}lzAs. hunting cog, because a 
pair of teeth, after being once in contact, would gradually separate 
and then approach by one tooth in each revolution, and thus ap- 
pear to hunt each other as they went round. 

The clockmakers, on the contrary, appear to have adopted the 
of^site principle. 

Finally, we would remind the reader that everything which we 
have said here about wheels in trains is true, whatever be the direc- 
tions of their axes. We only care to know the relative sizes of the 
pitch circles and the directions in which they turn : any part ol 
the train may be composed of brod wheels without affecting our 
results. 
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CHAPTER VII. 

AGGREGATE MOTION. 

Art. 177. — We have seen that every case of the curvilinear 
motion of a point is of a compound character, resulting from the 
superposition of two or more rectilinear motions. 

It often happens in machinery that some revolving wheel or 
moving piece becomes the recipient of more than one independent 
motion, and that such different movements are concentrated upon 
it at the same instant of time. 

The motion is then of a compound or aggregate character, and 
we propose to classify under the head of * Aggregate Motion ' a 
large variety of useful contrivances. 

We commence with two or three simple examples. 

The well-known frame called Lazy Tongs is a contrivance 
depending upon aggregate motion. 

The rapid advance of p^^ 

the ends A and B is due to 
the fact that these points 
are the recipients of the 
sum of the resolved parts 
of the circular motion which 
takes place at each angle. 

Consider the angular joints at the ends of the first pair of bars 
which carry the handles : these ends of the bars describe circles, 
just as the points of a pair of scissors would do. Either of these 
motions in a circular arc may be resolved as in Art 7 and one 
of the components so obtained will be carried to the end of the 
combination. The same thing happens at every joint of the series, 
and thus A and B receive the aggregate of all these separate 
movements. 

A wheel roUing upon a plane is a case oi a^^e^^\fc \s\siCv3^\ 




zi6 
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plane, the whe^KI 



the centre of the wheel moves parallel to the plar 

itself revolves about its centre, and these two simple motions give 

the aggregate result of rolling. 

Thus, in the case of the driving-wheel of a locomotive, each 
point on the tyre hecomes a fulcrum upon which the rest of the 
wheel turns, and is for an instant absolutely at rest. The centre of 
the wheel has the velocity of the train, while a point in the upper 
edge moves onward with twice that linear velocity. Simple as 
this matter is, it puzzles some persons when they first think 
about it. 

In the same way, if a beam of timber be moved longitudinally 
upon friction rollers, the travel of the beam will be twice as great 
as that of the rollers. 

So, again, in moving heavy guns, the men employ what is 
called a wheel purchase ; that is, they fasten one end of a rope to 
the spoke of a wheel of the gun-carriage, and make the rope run 
round the rim. This gives them the leverage of the spokes of the 
wheel, and the power exerted is exactly one-half of what it would 
be if the rope were attached directly to the axis of the wheel, in 
virtue of this principle that the linear velocity of the upper part 
of the rim is twice that of the centre of the wheeL 

In some printing machines the table is driven by a crank and 
connecting rod, and the length of its path may be doubled by 
applying the principle under discussioa 

Here a wheel, Q, is attached to the end of the connecting rod 
PQ, so that it can turn freely on its centre, Q. 

Fin. j„. Let the wheel revoh-e 

between the two racks A 
and B, whereof A is fixed 
to the framework of the 
machine, while B carries 
the reciprocating table. 

The rack B receives 
the motion of Q in its 
twofold character, and 
moves through exactly twice the space that it would describe if 
connected simpJy with the point C^. 

The size of the wheel makes no d\Ke:te'cvce,m*vftia^'i>J.AOT\\^ 
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all cases the velocity of a point in the upper edge will be twice ^ 
Ihat of the centre. 

Art. 178. — We may confirm our views of the nature of rolling 
motion by seeing what would happen if the fuknim, round which 
the wheel turns, were raised above the level of the road. 

We have now a contrivance by which a carriage may be made 
to move faster than the horse which draws it, a startling method 
of stating the fact which has been sometimes adopted. The in- 
ventor was a Mr, Saxton, who patented a Differential PuUty in the 
year 1832 (No. 6,351), with a view of obtaining great speed in 
railway carriages propeOed by a rope. By the use of this inven- 
tion, the consumption of the rope, proposed to be wound up at a 
stationary engine house, would be much less than if the carriage 
were attached in the ordinary way. 

Let two wheels of different diameters (say as 6 to 7) be centred 
on a common axis at C, and be fastened together, and let an 




i 

r pulleys ^^H 
le taking i^^H 



endless rope be wound round the wheels and pass over p 
E and F in the manner shown in the diagram, the rope ti 
turn round each of the pulleys. 

Conceive now a pull to be exerted on the rdpe at A, in the 
direction AF, then the tension of the string will cause an equal 
and opposite pull to be felt at B in the direction BE, and thus the 
compound pulley has a tendency to turn about D, the middle 
point of AB. 

This tendency in the pulley to turn about the point D causes 
the linear motion of C to be very much greWei 'L\\an \\va.V qI ■Sktv-^ 
;n the rope : for example, when B move^ tMOM^ > •am;^ 
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space Bii, the centre C will advance through Qc, which upon oi 
supposition is thirteen times as great, so that when one yard of 
rope is wound up, the carriage wilt have travelled through 13 
yards. 

The carriage may be at once stopped by disconnecting the 
pulleys. 

Art. 179. — The differential screw is another instance of aggre- 
gate motion, and is a favourite with writers on mechanics, inasmuch 
as it gives theoretically a mode of obtaining an enormous pressure 
by the action of a comparatively small force. 

It is constructed on the following principle : two screw threads 
of different degrees of inclination are formed upon the same 
spindle AB, the spindle itself passing through two nuts, whereof 
one, E, is part of a solid frame, and the other, D, can slide in a 
groove along the frame. Let P, Q represent the pitches of the 
screws at E and D ; then upon turning AB once the nut I 
carried forward through a space P, and is brought back again 
through a space Q : it therefore advances through the difference 
of these intervals. (Fig. 233.) 



J 



There is a lorm of the differential screw described in the 
fifteenth volume of the ' Phiicsophical Transactions,' which is 
known as Hunter's Screw. Here one screw is a hollow tube acting 
as a nut for the second screw in the manner shown in fig. 234, The 
smaller screw is attached to a piece D sliding in the frame, and is 
not allowed to rotate : upon turning the screwed pipe AB. the 
piece D will move through a space equal to the difference of the 
pitches of the two screw threads. 

If one screw thread were right-handed and the other left- 
handed, the nut would travel through a space, P + Q, upon each 
revolution. 

Art. iSo. — A right and \eft-\\a.i\ieA v:t«^ ww. oGfici seen in 
combination, for the purpose ot b-tm^wj, \:*Hi -jwa^^i \ws&!&. 
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a very common instance in the coupling which is used to 
annecttwo railway carriages. Upon swinging round the arm AB, 
le screws which are moved by it bring the nuts E and F at the 
ads of the coupling 
iks closer together, or 
Luse them to separate. 
his is obviously a most I 
mvenient arrangement 
The lever arm and 
eight at B serve a two- 
Id purpose : theyenable 
e railway servant to 
rew up the combina- 

in easily, so as to put a pressure upon the buffer-springs, anct] 
e weight B prevents the screws from shaking loose during the.] 
inning and vibration of the train. 
There is another instance of the use of a right and left-handed | 
;w in combination which is found in the valve-motion of'J 
asmyth's steam-hammer. 

Here 3 right and left-handed screw are placed side by side,J 
id are connected by spur-wheels so that they rotate in opposite! 
irections. Two nuts fastened together engage with the Si 
xews, and both rise and fall at the same time, being both ad- '. 
meed in the jflw^ direction by screws which rotate in oppositeA 




Art. 181. — Any system of pulleys will form an example otm 
gregate motion. 

Taking the single movable pulley in fig. 236, 
is apparent that when W is raised one inch, the 
tntre of the block rises an inch, and therefore 
e end P of the line DP is shifted one inch. 

But at the same time the circular sheave of the 
llley runs upon the line AB, just as a wheel runs 
pon a plane, and by turning on its centre until an 
Iditional inch of string has come in contact with 
, will transfer the end P through another space of 

: inch, whereby, on the whole, P moves \.\\io\i^ 

inches. 



\ 
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Art. 1S2, — Another contrivance for lifting heavy weights by*' 
small expenditure of power is the Chinese Windlass. 

Here a rope is coiled in opposite directions round two axles A 

and B, of unequal size : the rope is consequently unwound from 

one axle while it is being wound up 

'"■ '^l' by the other, and the weight may 

rise as slowly as we please. 

Let R, r be the radii of the axles, 
then W moves through t (R— '') 
upon each revolution of the axles. 

The practical objection to this 
windlass consists in the great length 
of rope required during the opera- 
tion. 

In the ordinary windlass the 

amount of rope coiled upon the 

barrel represents the height through 

which the weight is raised, whereas 

^* here we begin by winding as many 

Wk coils on the smaller barrel as the 

number of turns which we intend to 

make with the winch-handle, and then at the close of every turn 

a length of rope equal to an-R is coiled upon the larger barrel, by 

which expenditure the weight has only been Ufted through tt (R— r). 

Ex. Let R = 1 1, ^ = 10, then the amount of rope wound up 

in any number of turns bears the same proportion to the space 

through which the weight is raised that 22 bears lo i. 

This is a sufficient commentary on the invention regarded as a 
practical contrivance. 

Akt. 183.— The object of Weston's Differential Pullty-Uoek 
is to avoid this difficulty about the expenditure of rope. In the 
Chinese Windlass, one end of the rope is supposed to be fastened 
to the axle A, and the other end to the axle B. If, however, these 
two ends were brought together, the supply of rope necessary for 
B might be drawn from that coiled upon A, and the expenditure 
would be really 2^ {R— '■). There would be many inconveniendes 
attending this arrangemenl \t\ ijTatVvcft, bat \i has been put into a 
working shape in the mannei stio-wn "vn. "Ccsk. tawsvci^ 
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In Weston's pulley-block there are two pulleys A and B, nearly 
[ual in size, turning together as one pulley, and forming the i 
)per block : an endless chain supplies the place of the rope, and 

of course be prevented from slipping by projections which i 

itch the hnks of the chain. The power is exerted upon thai 

Htion of the chain which leaves the larger pulley, the slack hangs 

he manner shown in the sketch, and the chain continues X< 

round till the weight is raised The combination is therefore 

ghly effective. 




Of the detached skenihes, one shows a section of the differen- ' 
^1 block, and the other is intended to explain the mechantoal 
rinciple involved. 

Let C be the centre of the compound block, draw the hori- 
mtal diameter ABCUE and let it be noted that the string or 
is unable to slip upon the surface of either pulley. 
Let P represent the tension of A.P, 
fftbc weight raised, T the tension of the smn^ o^ Otviva. »- 
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Also let R, r, be the radii of the respective blocks. 
Then T x CE=P x AC +T x EC, 

or TxR=PxR+Tx?- . . . (i) 

Also 2T=W (z) 

.-. W(R-r)=2PxR, 
or p- W(R-^) 

2R 

Let R=iS-, r=l^=7. 

. p_ W(i5-i4 )_W 
zxis 30 
or W=3oP. 

"' Regarding the question as an application of the principle of 
work, the diagram sets out the calculation as follows : — 

Since the diameter of the pulley A is 15, we shall assume that 
a point in the chain passing over A moves through a space 30, or 
that P has a motion 30. Also the diameter of B is 14, whence il 
follows that the chain passing over B will have a motion 28 in the 
opposite direction. Note. — In fig. 238, taken from the ' Anderson ' 
series, the symbol 'Mo.' stands for the word 'motion.' 

Hence the motion of the chain round the pulley which sup- 
ports W is (30-28), and the motion of W itself is 3 ?~4 =i. 

Hence motion of W : motion of P:: i ; 30, 
or W : P::3o : i. 

Art. 184, — The subject of Epicydic trains will now occupy 
our attention, and we shall discuss some of the most useful 
applications of that peculiar arrangement of wheelwork which b 
technically so designated. 

An epicyclic train differs from an ordinary train in this par- 
ticular : the axes of the wheels are not fixed in space, but are 
attached to a rotating frarae or bar, in such a manner that the 
wheels can derive motion from the rotation of the bar. 

There are certain fundamental forms which consist of trains of 
two or three wheels ; the first wheel of the train is usually con- 
centric with the revolving arm, and the last wheel may be so 
iiiewise. 

It shonlA, however, be undeislooi fea.i. kq-j wMxiiw q^ S.wja- 
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wheels may exist between the first and last wheels of the 
Vr^n, and that the wheels in the train may derive the whole of 
their motion from the arm ; or they may receive one portion from 
n and the remainder from an independent source. 

The elementary form of a train is exhibited in the annexed 
diagram, and the peculiarities which result from compoundmg any 
Independent motion with that which arises from the rotation of 
the arm will demand some careful and attentive study. 

Here it will be seen that the wheel B, or the wheels B and C, 
are attached to a bar which is capable of revolving about the centre 
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of the wheel A, the axis of this latter wheel being firmly held ii^'J 
one position. 

Art. 185.— In order to understand movements of this V 
let us take a simple case to begin with. 

Suppose that there were only two wheels in the train, viz., . 
and B, and let A be locked so that it cannot rotate ; suppose, ■• 
further, that A has 45 teeth, and that B has 30 teeth, and let us 
inquire how many rotations B will make while the arm is carried 
round once. 

We might at first imagine that the wheel B would rotate %^ or 
% times by running round upon A ; but this is only a part of its 
ement. The wheel B has also been carried round in a circle 
about A by reason of its connection with the arm, and having 
turned upmn its axis once more on that account, it has really made 
% turns, instead of |, during one revolution of the arm. 

In confirmation of this view, let us consider the case of three 
wheels, A, B, and C, whereof A and C are equal. As the arm 
round, we conclude that C will turn once in the opposite 
direction to the arm by the rolling of the wheels, and it will turn 
once in the same direction as the arm by leason oliXs tOTinftc'o.OTv 
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therewith ; the aggregate result being that C mil be carried rouodl 
in a circle without rotating at aU upon its own axis. 




The motions of the wheels B and C in an epicyclic train™ 
shown in the sketch. The arm is supposed to have revolvt 
through an angle of 45°, and it will be seen tliat B has turned ■ 
round through a right angle, while C has not rotated at alL 

We propose now to examine the motion by the aid of analyas. | 
Remembering that there may be any number of wheels in the 
train, of which A is the first, and L the last wheel 

Conceive that the arm makes a revolutions') . ■ ,. ._ 
., ^ , , . . , ■ I during the same 

the first wheel A makes m revolutions > ■ j r ^ 

11 1 , T , , . period of tim& 

the last wheel L makes n revolutions J 

and let e be the value of the train. 

Then the first wheel makes (»;— a) revolutions relatively to the J 
arm, and the last wheel makes (n— a) revolutions relatively to the \ 
same arm, or, in other words, L makes in— a) revolutions for ' 
(ni —a) revolutions of A 

Recurring to our definition of the »«/« of a tnun (see Art. 163), 
we at once deduce the equality 



There are three principal cases to consider :- 
!■ Let A be fixed, or ot = o, 



orn = a(,i-e^o.u4a=-^ 
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2. Let L be fixed, or «=o, 

—a 



.\e= — ~ 

m—a 



ox m=:a f 1 — ) and a = — 



3. Let neither A nor L be fixed, 

we have now the formula 

n—a 
m—a 
whence - em--ea^=n—ay 
or n= me-\-{i ^e)a. 

In applying these formulae we must remember that e is positive 

when the train consists of 3, 5, or an odd number of wheels, and 

negative when there are 2, 4, or an even number of wheels. 

Ex, I. Let there be two equal wheels, A and B, in the train, 

and conceive A to be locked, or let A be a dead wheels as it is 

termed 

Here m = o, and> = — i, 

/. n = tf (i + i)=.2«, 

or the wheel B makes two rotations for each revolution of the 
arm. 

Ex, 2. Let there be three wheels, A, B, and C, whereof A and 
C are equial, and let A be a dead wheel as before. 

Here /^^ = o, ^ = i, 
whence « = flr(i— <?) =fl!(i — i) =0, 

or C does not turn on its axis at all. 

Ex, 3. Take the case first considered, where A is a dead wheel 
and has 45 teeth, and where B has 30 teeth. 

Here ^ = — ^ 
2 



.•.«=«(i+i)=^ 



the result arrived at by general reasoning. 

Art. 186. — The Sun and Planet Wheels were invented by 
Watt, and were used to convert the reciprocating motion of the 
working beam of an engine into the diCM\ai TftoVv3v\ cA 'Ccsa "^^i- 

Q 
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wheel, We have already referred to this invention in Art, 37, 
and have explained the object which it was intended to fulSl. 




The drawing shows Watt's invention as specified in a patent <tf 
1781 (No. 1,306). CB is the working beam, and AB is the spear 
or connecting rod ; E is a wheel fixed upon the end of the shaft 
or axis F, which receives the rotatory motion which is commuoi- 
cated to it by a second wheel, firmly fixed to AB in such a maiP 
ner that it cannot rotate. Behind EB there is a heavy wheel, GGi 
having a groove or circalar channel around its circumference, into 
which a pin at the back of A enters. The wheels A and E are 
thus kept in gear, and some such precaution is indispensable, but 
instead of the wheel with the groove and pin there may be a link 
connecting A and F. The construction having been described, 
the specification states lha.1 m t\v« •Noitm^ of the engine the con- 
necting rod pulls the w\\ee\ A- u? a»4 io-jra ■, laaft. «iw:R."-*s.>wi&. 
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locked in the wheel E, and k cannot turn upon its own axi^ 

rise or fall without causing E to turn upon the axis 

the two wheels A and E have equal numbers of teeth I 

rheel E makes tivo revolutions on its axis for each stroke of th^ 

igine. 

We may explain the peculiarity as follows. If the discs E and] 

were fastened together at the point a, and E were to j 

ike half a revolution, A would come into the position 

and the direction of the arrow marked upon it would , 

reversed. But in the actual motion this arrow retains 

its first direction, and in order to recover it, the disc A' 

tnusl again rotate through i8o°, and must carry E round 

through another half- revolution : so therefore when i 

recur to the arrangement invented by Watt, E will make ' 

a complete revolution while; A descends from the highes 

kto the lowest position, or travels half-way round it. 

If we were to apply our formula [e = | we should 

jnake L the dead wheel, in which case w = o, and e = - 



■which is the result already arrived at. 

Art. 1%-].— FergusotCs Paradox is obtained by placing threfl 
wheels upon the axis which usually carries C, and making t" 
wheels very nearly equal to each other, and very nearly equal to k 

Thus let A have 60 teeth, and let the numbers of teeth upon^ 
E, Fj G, be 61, 60, 59, respectively. 



The number of teeth upon E is immaterial, and the wheel j 
is fixed to the stnd upon which it rests, and iocs ^ci^ ■sQ\s.vt •* 
w arm, so that m = o throughout the rcioXvun, 



■^ 
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1. Taking ihe general formtib e = — — , we have, in the g 
of the wheel E, 

m = o, and e = —, which is less than unity. 
. n~a 60 



, For the wheel F \ t 



3. For the 'wheel G ; 



■, and is positive 



which is greater than unity, 



whence ■« = , and is negative. 

59 

So that when the arm is made to revolve round the locked or 
dead wheel A, the wheel E turns slowly in the same direction 
as the arm, F remains at rest, and G moves slowly in the reverse 
direction. This combination has formed a rather popular me- 
chanical puzzle. 

The general result deducible from Ferguson's paradox is the 
following : — 

Let there be a train of three wheels, viz.. A, B, and C, and let 
A be a dead wheel, and greater than C, then the rotation of the 
arm in a given direction" will cause C to rotate in the opposite 
direction in space. 

Whereas when A is a dead wheel and less than C, the rotation 
of C will take place in the same direction as that of the arm. 

Art. 188. — Problem. Let it be required to draw an exact 
straight line by means of an epicycUc traia 

Conceive that ACQ represents a bar made up of two equal 
straight lines AC, CQ, thepomx N.\iftm^3. cewccftrf motion, and 
the point C representing an oT:<iiTV3.vj toXcSOl'tX- 
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Let ACQ be placed so as to coincide with the straight line Ay. 
Th6n it has been ^proved that if AC turns through an angle in one 
direction, the while CQ turns through the same angle in the oppo- 
site direction, the^ point Q will trace out a portion of the straight 
line. 

The stiident should refer to Art. 117, where it is shown that 
if Ax be drawn at right angles to Ky^ and QC be produced to 
meet hx m R, the triangle QAR lies always m a semicircle whose 
centre is C, and the property above stated is a necessary conse- 
quence of thQ sliding of QR between Ax and Ay. 

Fig. 244» 





It only remains for us to demonstrate that the required motion 
of CQ may be obtamed hy mounting that line upon the last wheel 
of an epicyclic train with three axes. 

Conceive that three wheels, viz., A, B, and C, are mounted on 
the arm AC, and are mutually in gear. 

Let it be arranged that the axis of the first wheel shall coin- 
cide with A, and that of the last wheel with C, and let the diameter 
of C be half that qf A. The size of B is immaterial. 



We have now to apply the formula '^ = 



n —a 
m — a 



Here there are three wheels, and the number of teeth on C is 
half that on A, whence ^ = 2. 

Also let A be a dead wheel, therefore m = o. 



n —a 
2 = , or ;« = 



a. 



o —a 

whence C rotates in a backward direction at live saxae t^.te ^& tlss. 
arm rotates in a forward direction. 
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It follows that the point Q will describe the straight line ky. 

In like manner if QC be praducedlo R, such that CR=CQ, 
it is apparent that ihe point R will describe the straight line Aj^ 
which is perpendicular to A>'. Thus the extremities of a straight 
line QR, which is carried by the wheel C. and bisected at the 
centre C, will describe straight lines intersecting at a right angle. 

As soon as the nature of the primary motion is understood, 
the proposition now considered becomes a simple deduction 
therefrom. 

Art. 189. — It will of course be understood that models may 
be readily constructed for iilustracihg the fundamental propositions 
in this branch of mechanism without employing toothed wheels: 
As an example we refer to the diagram, which is taken from a 
model and is intended to exhibit the results obtained by a train of 
two or three spur wheels. 




It will be seen that there is a fixed upright pillar carrying an 
arm AC, centred at A, and having upon it two round discs or 
pulleys, A and C. These pulleys are equal, but they may be un- 
equal and of any convenient dimensions, and they are further 
connected either by crossed or open bands. 

When the band is (Crossed we have an equivalent for two spur 
wheels in gear, and when it \s o^ien 'L\\e. combva'i.'iQu is the same 
as that of three spur wheeVs, 
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Taking the case where A is a dead wheel and equal to ''. 
result of moving the arm through a given angle is shown in the 
Sketch. The wheel C carries a pointer D, and the faint dotted 
lines show the starting position of the arm and of the pointer. 
When the strap is open, CD remains vertical throughout the mo- 
tion, but when the strap is crossed it rotates in the same direction 
le arm with a velocity ratio of 2 to i. It follows that the 
^gle DC/ is equal to twice the angle CAC. 

Art. igo. — Numerous models, designed for illustrating simple 
astronomical problems, may be formed by properly arranged discs 
id bands. 

Thus, it is quite easy to exhibit mechanically the phas 
laoorL 

For this purpose a small silvered balE M, representing th( 
.moon, is attached by a pipe or hollow stem to a bar capable ( 
being carried in a horizontal plane round a fixed ball, E, intended 
to represent the earth. Underneath the arm are the drivio, 



9l 



^ 



d 



D 



pulleys, which consist of (t) a dead wheel A, and (2) a pulley C^M 
equal to A, and cotmected with it by an open band. A hemi- | 
spherical black cap, which obscures exactly one half of the surface | 
of M, is attached to a wire passing through both M and the hollov 

I, and fastened to C, so as to form part thereof, and to r 
with it. The sun is supposed to lie on the left-hand side of ihi 
diagram, and as the moon is carried round E, the shaded portion* 
■lies always to the right hand. It is apparent tha.t the r 
tbecap, orafC which directs it, shou\dbe'i.\va.'i.ci^'Cr«,'C«cti.'«ts^ 
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F in Ferguson's parado> 







■» 



ca: 
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Art 191 — Kn. epic\d 
of three bevd wheels \ 



, for which purpose we require that A 
should be equal to C, and that 
the band connecting them should 
be open, the wheel A being a 
dead wheel. 

As the arm revolves, the disc 
C moves round in a circular path 
j^ without at all rotating upon its 
^ own axis, and the hemispherical 
cap takes the various positions 
shown in the sketch, imitating 
thereby the shadow which would 
be caused by a luminous body at 
a great distance to the left of the 
globe E. 
rain may also be formed by the use 
It d C, connected as in the figure, 
ind wc find now the peculiarity that tfie 
wheels A and C turn in opposite direc- 
tions I 
The formula already investigated ap- 
: plies equally in this case, and som^ of 
the results to be obtained are extremely 
useful 

Our first example shall be an arrange- 
ment whereb) the continuation of a piece of shafting may be 
made to rotate twice as fast is the first portion of it This forms 
a simple and easj method of obtaining an increased velocity in a 
revolving piece md is used to rotate the coils in some magneto- 
electnc machines 

Thus, let A be a dead wheel, and let B ride loose upon an 
arm which itself is rigidly attached to the first portion of the 
shaft, namely, that passing through A, the wheel C being keyed to 
the other portion which ia required to revolve with increased 
rapidity. As the arm carrj'ing B goes round A, we can easily see 
that if B were not allowed to rotate at all it would still carrj- C 
round ones, and that its rotation upon tVit ies.i -^Vft* K <;ax^v4s, C 
xoand a second time, and thu^ -sieViave. a-n t^i^. te.-^toi'MSKro. * 
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the motion of the two equal spur wheels, one of which is a dead 
wheel, and obtain two rotations of C for each revolution of the 
arm carrying the intermediate wheel B. 

We may of course apply the general formula in the case of 
bevel wheels just as in that of spur wheels, and the expression 
e ^ -^ gives the result obtained before. 

- Thus m = o, e-=— 1, since A and C revolve in opposite di- 
rections. 



whence C goes round twice for each revolution of the arm. 

Art. igz. — An illustration may now be taken from the cotton 
mills of Lancashire. 

During the process of the manufacture of cotton yam or 
thread, it is essential to wind the partially twisted fibre upon bob- 
bins, and at the same time this p^^, 
fibre, or roving, must not be sub- 
jected to any undue strain. 

The fibre is delivered to the 
bobbins at a uniform rate, whereas 
the bobbins get larger as they fill 
with the material, and hence the 
winding machinery must be so 
contrived that the rate of revolu- 
tion of the bobbin shall slowly 
decrease upon the completion of 
each layer of the fibre. 

In the year 1826 Mr. H. 
Houldsworth patented an inven- 
tion which solves the problem 
of the bobbin motion in the most 
complete and satisfactory manner. 

In the preceding article we 
have supposed the wheel B to be 
cartied by an arm which is capable of revolving round the axis 
AC. The better way, however, of suspeniim% B fct ci\w i^\«^ja^vi 
to attach it to tb^ face of a spur whee\, H, as \tv ^^ ^i■^^^ 
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Let this be done, and let A be connected with the 
shaft of the engine, so that its rotation shall necessarily be constant 

If now some independent motion be imparted to the wheel H, 
the result may be calculated from the fonnula. 

Here A, B, C are equal in size, and C rotates in a direction 
Opposite to that of A, 



which gives the analytical relation between the angular velocities 
of A. C, and H. 

If we examine this formula, we shall comprehend that the 
velocity of C may be reduced by altering the velocity of H, 
I. For let 17= m, or let A and H turn at the same rate, 
then ft+m= 2 a = 2m, 
.', n^m, or C has exactly the same motion as A. 

s. Let «=''-, that is, let H make three revolutions 1 
4 
makes four. 



or C moves half as fast as A 

which case H makes one revolution for two 



lat the 



revolutions of A, 



h^ 



.■. K = o, or C stops altogether. 

We have taken extreme cases, from which it appears that irfif 
the velocity of the ami is made less than that of A, the velocity 
of C is reduced in a twofold degree. 

Generally, let (i = w; , ^m 



or the rate of diminutloTi of h is wite iLt\a.'L of a. 

It Roif becomes easy to obtain a-o^ \eop«e.Oi. te&Nic 
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Fig. 250. 



velocity of C. A reduction in the velocity of H must first be 
effected by shifting a driving strap along a conical pulley, and 
the velocity of G will be reduced twice as much as that of H. 

Mr. Houldsworth's invention consists, therefore, in imparting 
to the wheel C two independent motions which travel by different 
routes, and which, after combination in the manner just investi- 
gated, are capable of producing the desired differential motion. 

Art. 193. — In order to fix our ideas, let us calculate the 
motion in the following ex- 
ample : — 

Suppose A, B, C to repre- 
sent three equal wheels, and 
let A be fixed to a shaft AD, 
which carries a conical pulley 
provided with grooves at a^ b^ 
r, dy e^ where the diameters 
are 4, 5, 6, 7, 8. 

EF is another shaft carry- 
ing a second conical pulley 
which is the counterpart of 
the first, and terminating in a wheel F, whose diameter is half 
that of H. 

A crossed band connects the two cones, and the axis AD is 
mfide to revolve with a uniform velocity. 

It is required to ascertain the motion of C when the strap is 
shifted along the conical pulley. 

1. Let the strap be placed at a^ the angular velocity of H will 

be ^ that of AD, and we have « = — » 

4 2 

or C moves in the opposite direction to A, and with half its 

velocity. 

2. Let the strap be at b, the velocity of H will be — that of 

AD (here ^ = ^ x - = -=^ according to Art. 163), 

7 2 14 

therefore a^^JH, and «=5Jt _ ^ = _*!11 , 

14 1 1 




>! 
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hence C still moves in the opposite direction to A, but less rapidly, 
in the ratio of 2 to 7, 

3. Place the strap at c. is-heii e increases to I, and a becomes 



I 



equal to -, .*. n = 2x —m = o, 

or.C stops altogether, its motion being entirely destroyed 

4. Place the strap at d, and we have « = ^ '^~~ 1 ' 

im ' 2m 
whence «=2a—ffi= — wi = — , 

that is, C and A move in the same direction with velocities 
ratio of 2 10 5. 

5. Finally adjust the strap at ?, and the velocity of H will \X^ 
the same as that of AD. 

Here a = m, and « = 2« - t» = w, 
or the motion of C is precisely the same as that of A. 

The principle of this invention may now be understood, 
although it is difficult to appreciate such a movement thoroughly 
without the assistance of a model 

It only remains 10 present to the student a represenlation of 
so much of an actual machine as will embody the cones and llie 
differential train of wheels. The diagram exhibits the manner in 
which simple elementary movements may be combined together 
so as to form a train of mechanism, the arrangement of which, 
before it is properly understood, might appear to be very comi)!e;( 
and intricate (see fig. 351.) 

The operation of spinning, so far as it is carried on by the 
mechanism before us, is effected by passing a partially twisted fitra 
or r<n>ing through a lube, called a flier, attached to the end of > 
spindle, and then causing both the fiier and the bobbin to rotate 
with a high velocity. Before the fibre reaches the f!iers it ts elon- 
gated or drawn out by a combination of rollers, moving at different 
speeds and called drawing rollers; it is therefore of necessity fed 
on at a fixed uniform rale. 

The flier and the bobbin both rotate together, and thus twist 
the roving, but they also lotale av somft'«\Mi. diS«eat syeeds, by 
which arrangement it is piovvdeA \.\i3J. ■i.\\e.\owi'i ta^exwiwiwi. ^A-vwa,- 

^1 
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hg the thread and of winding it up upon the bobbin shall go o 
together, 

A bobbin with its spindle and flier is shown in the sketch. It 
iwill be seen that the roving passes down through the hollow ver- 
tical arm and is carried to the bobbin by a finger ; the finger is 
pressed against the bobbin by the centrifugal action of a small 
elongated piece which runs down the side of the arm, and which, 
by its tendency to get as far as possible from the ajcis of the spindle 
during its rotation, keeps the finger pressed against the surface of 
that portion of roving which is already wound upon the bobbin. 
This part of the apparatus has formed the subject-matter of a most 
lucrative invention. 

As the winding goes on the spindle with its flier rises and falls, 
and winds the fibre in uniform layers. 

Thus the spindle and flier rotate together, and they are driven 
iby skew-bevels, whereof one is shown at the bottom of the drawing. 

The bobbin rotates independently of the spindle, and is also 
driven by skew-bevels, whereof one is shown just underneath the 
bobbin. Note. — As to skew-bevels, see Art. 239. , 

These bevel wheels are in direct communication with the spur 
wheels marked ' lo spindles ' and ' to bobbins ' in the drawing. 

■ It will be understood that the winding on will take place when 
the spindles and the bobbins move at different velocities, and that 
either may go faster than the other. We shall take the case in 
■which the bobbins precede the fliers. 

Since the spindles with their fliers move at a fixed velocity, 
while the bobbins are continually filling with the rovings and 
becoming larger, we infer that the bobbins will require a smaller 
amount of rotation relatively to the fliers, in order that the wind- 
ing up of the fibre, which is being fed on at a fixed rate by the 
drawing rollers, may take place uniformly. Hence, if the bobbin 
runs in advance of the flier, the speed of- revolution has to be 
diminished as its diameter becomes larger. . 

Refer now lo the sketch, and it will be seen that the power 
may pass through the combination of bevel wheels to the three 
spur wheels placed in a line at the extremity of the ' driving 
axis' and connected with the cone marked as the 'driver.' The 
dnving power then crosses over lo tYie fo\\o"flCt, wcii. e.'«s,'^'= "*»« . 
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of berd wheels b>' the small i«nioii upon the axis of 
^._. ne which gears with the large spur wheel marked H, 

inldi latter wheel rida loou upon the (iri\Tng axis. 

The combination of four bevel wheels is e>actly analogous 10 
that discussed in An. 191, the two wheels B and B are equivalent 
to a single wheel, and pterent she one-sided, unbalanced action 
which wouid otherwise occur. 

The wheel A is fixed to the driving shaft, the wheel C rides 
loose upon it, but is fastened immoi-ably to the spur wheel marked 
'to bobbins,' the function of which has been already explained. 

We have to prove that the combination of the two cones with 
the spur and bevel wheels is capable of gradually reducing the 
velocity of the bobbins as they fill up with the roving. 

Assume that the cones are equal in section where the strap is 
placed, then the speed of the first cone will be reduced to \ by the 
ccHntunation of three spur wheels starting from the driving axis, 
and thus the pinion which drii'es H will move at \ the speed of 
the driving axis. 

But H is five times as lai^e as that pinion, hence the velocity 
of H is t'is^'i that of the driving axis. 

The wheel H also rotates in the opposite direction to the driving 
a.\is. 

Take now the formula n = w « + (i — c) «. 

Here ^ — — i, since A, B, and C are equal, 
and a = as we have just shown ; 



'(-S) 



6m 



Hence the speed of the bobbin pinion is to -that of the flier 
pinion as 6 to 5, or 18 to 15, the negative sign merely showing 
that the loose wheel C revolves in the opposite direction to the 
driving axis. 

The student may he surpnsei \o ?\u4 \\vas.^.U this apparently 
Slicing arrangement has ended m toa!tK\s,'Ocve.\aSL ^■^>is V&^^i."-^ 
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ihe train turn &ster than the driving axis ; but an explanation is 
found in the fact thnt the rotation of H takes place tn the oppo- 
site direction to the driver, that is, in the same direction as the 
loose wheel C, and accordingly we shall find that if the velocitj' of 
H be reduced we shall also reduce the inequality between the 
velocity of the bobbins and spindles. 

Conceive now that the strap is shifted towards the right hand 
lentil the sections of the cones are in the proportion of 2 to 3; 
that is, nearly as far as the spur wheels. 

The velocity of H will be reduced two-thirds, and will become 
equal to -[^^th that of ihe di 



1 



'i-'d 



>meH 



or the relative speed of the bobbin pinion to that of the flier 
pinion is reduced from iS to 15, and now stands at 17 to 15. 

It is hoped that the complete action of the apparatus is now 
sufficiently explained, and there is only one refinement in con- 
struction which remains to be pointed out It will be seen thai 
the upper cone is slightly concave and the lower one convex: this 
configuration is adopted because the absolute increase in the 
diameter of a bobbin bears a ratio to the actual diameter which 
is not constant, but is continually diminishing in a small degree 
The mechanic must not forget or overlook any material point in 
working out his design. 

Art. tg4. — Epicyclic trains may be employed to produce a 
very slow motion upon the following principle : — 

Let A, B, C, D represent the numbers of teeth in a train of 
Pjj^ wheels in gear arranged as in the diagram. 

If A = D, and B = C, then A and 
, D will rotate with the same velocity in the 
J same direction ; but if the equality between 
(A, D) and (B, C) be slightly disturbed, 
we shall produce a small change in the 
Suppose, lot eKKK^ft, 'Cm.x ^. ra\«& -itan."^.. 




a that 
B = 



5, C 



I ■ ■ J i.11 - I 
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, D=3i ; and, again, that B is less than C, o 
: then e, the va/ue of the train, will be 



= ^-2 = 3i_ 



■9 ^ 3999 
BD 125 X 32 4000' 

Also, the more nearly the equality is maintained between (A, 
D) and (B, C) respectively, the more nearly will the angular velo- 
-cities of A and D be the same, or the more nearly will e be equal 
to unity. 

Thus if B = D = 100, A = 101, C = 99, 



1 






■< 99 . 



9999 



Let us now arrange A, B, C, D in an epicyclic train, and carry 
back the wheel D so that it shall turn upon the same axis as A. 
The turning of the arm will then set all the wheels in motion 
except A, which is to be made an immovable or dead wheel, and 
we shall have D and A moving relatively to each other just as 
before, that is to say, D will turn very slowly over A at rest. 




As an easy example, take wheels of the following numbi 
iiz., A = 60, B = 45, C = 40, D = 65. 



Thentf=.frrs = - 



If we now rotate the arm and carry round the train ii 
found that D makes one revolution when the arm has been carriet 
through a httle more than 5J revolutions, which is also evider 

from the formula upon observing that — - = s|, which is 
greater than 5^. 



Elements of Mechanism. 



^ 



So, again, taking the formula - = i — ^, and substituting for e 
the values given previously, we have in the respective examples. 

Hence the arm will make 4000 or 10,000 revolutions respec- 
tively while the wheel D turns round once. ' 

Art. 195. — These examples lead us to compare the move- 
ment of any wheel in an epicyclic train'with that in another train 
where the axes are fixed in space, and to regard the subject from 
a different point of view. 

Referring agam to the fundamental .case, viz., that of three 
equal wheels, A, B, and C, we have seen that if the arm be fixed, 
j,^^ ^^_ and A makes one turn, the wheel 

C will also turn once in the same 
direction. But if the arm re- 
volve round A fixed, the wheel 
C will apparently run round just 
as it did upon the last supposi- 
tion, and yet at the end of a revolution of the arm it will be found 
that the wheel C has not turned at all. 

The explanation is that the fixed train gives the absolute motion 
of C due to its connection with A, whereas the epicyclic &ain 
exhibits the relative motion of C with regard to A, which in this 
case is nothing, because A and C rotate with equal velocities in 
the same direction. ' 

The same thing is true with respect to any other wheel in the 
train, such as B. Thus, when the axes are fixed in space, A and B 
revolve in opposite directions, and the motion of B relatively to A 
is twice its absolute motion, and thus we account for the fact that 
in the epicyclic train B will rotate twice while the arm goes round 
once. 

So also in Art. 194 the fixed train gives the absolute motion of 

D, viz., ^^Sths of a revolution for each revolution of A, and the 

epicydic train exhibits the relative motion of D as compared with 

that of A, viz., ^ji^th of the movement of A in the fixed train. 

Art. 196. — Another illustration of aggregate motion is found 

i3b £guatien clocks. In these neai\^ ctosQ\e,\.t -^yck^. til-vosK^nKra^aL 
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;he minute hand points to true solar time, and its motion therefore 
consists of the equable motion of the ordinary minute hand plus 
or minus the equation or difference between true and mean' solar 
time. 

In docks of this class the hand pointing to true solar time is 
fixed to the bevel wheel. p,^_ ^^^ 

The wheel A moves as 
minute hand of an ordinary clock; 
the intermediate wheel B is fixed j 
to a swinging arm, EB, as in Art \ 
igi, and the position of C will ' 
be in advance of that of A when 
EB is caused to rotate a little in 
the same direction, and behind 
that of A when EB is moved in 
the opposite direction. 

Thus, as C goes round during 
each hour of the day, the hand 
attached to it may be a few minutes before or behind another 
showing mean time, and deriving its motion at once from A. 

The required motion of EB is obtained from a cam plate, Q, 
curved as in the diagram, and attached to a wheel which revolves 
once in a year. 

Art. 197. — In the manufacture of rope the operation of 

Fig, ^5fi- 






^ laying,^ or twisting the strands into a ^etfecx tGijt;, Vis, \itfc'^ 
ejected by special machinery. 



■^^ 



the DO wet- I 



244 Elements of Mechanisn 

The Rev. Edmund Cartwright, the inventor of the powet- 
loom, was also the first inventor of a machine for making rope. 
The general character of the contrivance will be understood from 
the sketch, which is taken from the specification of the invention. 

The machine itself is called a ' Corddier,' and consists of a 
frame placed, upon a horiiontal shaft PQ, and terminating in a 
laying-block R, which serves the double purpose of directing ihe 
strands to the rollers at K, where they are twisted into rope, and 
of forming a support or bearing for one end of thg shaft 

Three spool frames carry the bobbins, or spools, which contain 
the supply of strands, and the strands, as they are unwound from 
the bobbins, pass through delivery rollers at D, E, and F, and 
thence onward to the laying top. 

All this is simple enough, and might be the invention of any- 
one ; but there is yet a difSculty to be overcome, which we pro- 
ceed to explain. 

Upon examining a rope it will be found that the twist of the 
rope is always in the opposite direction to that of the strands, and 
it follows that il the bobbins were absolutely fixed to the rotating 
frame the strands themselves would be untwisting during the 
whole operation. This untwisting is provided against in a rope- 
walk by the use of two machines, one at each end of the walk. 
The strands are attached to hooks on one of the machines, and 
these hooks are made to rotate with a velocity which exactly neu- 
tralises the twist of the machine which is forming the strands into 
a finished rope. 

Tn the Cordelier the difficulty is at once removed by the intro- 
duction of an epicyclic train. A dead wheel A, so fitted that it 
remains stationary while the shaft PQ rotates within it, gears with 
a second wheel B, and this latter with a third wheel C, e^ual to 
A, whose a.xis terminates in one of the spool frames. Now we 
have just proved that in such a train C will run round A without 
rotating at all upon its own axis, and hence the bobbin may be 
carried round without in the slightest degree untwisting the strand. 

In order to make this matter still more apparent we refer the 
student to fig. 257, which is intended to show three positions of a 
spool when rotating in a frame tnxHQ\«. \.V«. Intervention of an 
^ncydic tTaiD, It is quite evident \bas. 'Ctvft w^w^\ae.TCi'a&s; (swi 
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rotation round an imaginary axis through its centre while rotating 
once round the centre of the frame. 

In fig. 358, on the other hand, where an epicyclic train, with 
C equal to A, is interposed, the bobbin will take the positions C, 
C, C", during a revolution, and the rotation just referred to will be 
exactly neutralised. 




Art. 198. — We have stated that the twist of a rope is always 
in the opposite direction to that of the strands, and it may be 
asked, Why is this, and what is the reason that a rope does not 
untwist itself? 

The answer is that any single strand or cord, when twisted up, 
win always tend to untwist'in virtue of the elasticity of its fibres, 
and that each separate strand in a rope exerts this tendency 
throughout its whole length ; but since the twist of the rope is in 
the opposite direction, the a^regate of all these comparatively 
feeble forces is felt as a powerful force restraining the whole rope 
from becoming untwisted. 

It follows, therefore, that by puttbg a little extra twist upon 
the strands of a rope in the proces.s of laying, the rope itself will 
become harder or more tightly twisted, 

If anyone will try and make a small piece of cord out of three 
pieces of string he may at once satisfy himself of the correctness 
of what has been stated. 

Take three pieces of string, or fine sash line, thread them 
through holes in a small plate or disc, to keep them separate, and 
fasten them together at one end, leaving the other ends free. 

Upon twisting the knotted end and slowly advancing the disc, 
[ a cord win be made which will untwlsl as soon as' 
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Whereas by continually twisting each individual strand, and 
allowing the knotted end to turn in the opposite direction to that 
in which the strands are being twisted, a hard piece of cord may 
be made which will have no tendency whatever 10 untwist 

There is a model in the collection belonging 10 the School of 
Mines which shows this experiment in a striking manner. (Fig. 259.) 

The driving apparatus consists of an arrangement for rotating 
at the same time three hooks. Each hook,/, is formed of a bent 
piece of wire terminating in an upright portion, a, which is 
threaded into a flat disc A. There is a detached sketch of one of 
these bent wires. Upon carr>-ing A round in 1 circle, it will be 
found that each hook rotates on its own axis. This motion has 
been explained in Art 96. 

Take now three pieces of braided sash line, which have no 
twist, and suspend a weight W to each of them. Make a small 
loop at the opposite end of each line, and hang them all up on 
one of the hooks. 

A small conical block B, having a handle H, and grooved as 
in the sketch, is held in such a manner as to receive each line and 
to direct its motion. 

The operator now rotates the hook/, and allows the block B 
to descend slowly while the cord is being twisted But on looking 
closely at the sash lines it will be found that each weight W is 
turning on its axis during the whole operation. In truth, the 
weights are made in the form of long cylindrical bars, in order 10 
permit this movement. The result is that there is no twist what- 
ever remaining on the individual sash lines or strands. 

Now remove the block, when it will be found that the cord, 
which appears to the eye well made and perfect, will at once un- 
twist, and is, in fact, of no use wliatever. It is defective in not 
having any power of retaining the twist which is essential to the 
hardness and durability of a rope or cord. 

The apparatus can, however, be so arranged as to put a strong 
twist upon each individual strand, in such a manner that the twist 
shall be retained in the finished cord, and shall act always to twist 
the same more tightly. 
^^ For this purpose the weights aie lied together by a piece of 
^msfring at D, and can no longer TO'ate sev^TSX^rj. "^.wi^ •ssran&.'-s 
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hung on a separate hook, and the respective hooks /, /, /, rotate 
together by the cairymg round of the disc A. The block is held 
differently, being placed as near as possible to D, and it is moved 
slowly upwards while the cord is being made. This is exactly the 
operation performed in a rope-walk, except that the strands are 
carried along in a horizontal line. 



Fig. 259. 



a ^a 





There is no difficulty about twisting the cord, for the surplus 
twist put .upon the strands causes the weights W to go round to- 
gether underneath the block B, and a well-formed cord is made 
as the block rises. When completed, the string at D may be un- 
tied, the strands may be taken from the hooks, but there is no 
untwisting. On the contrary, the cord will bear handling, and is 
quite hard and durable. 

Art. 199. — Many years ago Captain Huddart incorporated 
the invention of thet Cordelier into some useful machinery for 
manufactun/ig Toi[^y and he employed t\\e saitv^ ^^yc^jOCycl xx-sixc^ 
but made the wheel C smaller than A m t\\e ^xovcvc>aQ^ ^^ ^'>i "^^ 
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Each of the g 
\ C, C, C", is of s 
I than the wheel A 
\ turns slowly back 



14, as in the case of the wheel G in Ferguson's paradox. Tlie ■ 
result was that a slight additional twist, or forehard, as it is 
termed, was given to the strands of the rope. 

Among the apparatus belonging to the School of Mines is a 
hand machine for manufacturing line hard cord, resembling whip; 
cord. It is, in fact, a miniature Cordelier, and instead of the epi- 
cyclic train of wheels for keeping the bobbins parallel during the 
rotation, there is a single dead wheel or grooved pulley, A, and 
pjj^^g^ three strong india-rubber cords, 

connecting A with the separate 
axes C, C, C", on vhich the 
bobbins are placed. 

Each of the grooved pulleys, 
f smaller diameta 
:1 A, and therefore 
' backward in the op- 
posite direction to that in which 
it is carried. This fact is made 
clear in the sketch, for the arrow 
indicates the direction of rotation 
of the frame carrying the bobbins, and the dark lines, aa, W, a; 
show the manner in which the respective bobbins rotate badt- 
ward That is, when C arrives at C, the tine aa will have turned 
into the position bb, and when it arrives at C", the same line will 
have turned into the position a. 

Whereas, if the pulleys C, C, C" were each equal to A, the 
line aa would have remained parallel to itself throughout the 
motion. 

In Mr. Smith's wire-rope machine, which is described in the 
papers of the Institute of Mechanical Engineers for the year i86z, 
the bobbins are placed one behind the other in the axis of a re- 
volving frame, and have simply a slow unwinding motion on their 
axes as the wire strands are run off; the important result being 
that the rate of manufacture is greatly increased. There is no 
question as to the superiority of this arrangement in a mechanical 
point of view, for the process of laying has no tendency to twist 
/Ae strands when the bobbins vVvems&Vje5,\\e,w 
of the {i3xa% which sutiounds t\\ev!v. 
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Aht. zoo. — A further illustration of aggregate motion occurs 
machinery for drilling and boring. 

In a drilling machine the spindle which carries the cutting 
ol revolves rapidly, and at the same time advances slowly in the 
rection of its length. 

The movement is obtained upon 
ay be stated as follows ; — 

Conceive a nut, N, to be placed 

)On a screw-bolt, FG, and to be 

held in a ring or collar that it can 

tate freely without being capable 

any other motion. 

If the nut be fixed, and FG be 

med in the direction of the arrow, 

is clear that the bolt must ad- 

mce through the nut. If, again, 

screw be prevented from turning, and the nut be made to ro- 

in the same direction as before, the bolt will come back again. 

nd, finally, if by any contrivance different amounts of rotation 

: impressed at the same time upon the nut and the screw, the 

lit will receive the two longitudinal movements simultaneously, 

id the aggregate motion will be the sum or difference of these 

miponent parts. 

Art. 20I, — Suppose the wheels D and C to be attached to 

bolt and nut respec- Fit,. jCj. r 

rely, and to be driven by 

le pinions A and B, which 

e fixed upon the same 

lindle ; and let A, B, C, 

I represent the numbers 

f teeth upon the respec- 

wheels. 

If (a) be the number 
'rotations made by either 
or B while the nut fixed 

i, and the wheel D makes n rotations, 
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Tbetdbre («) toiarioos of A wili cause a travel of the bolF 
thR)i^as]nGe i 

= <■ — •) X jalch of the screw 
= « [ -^ — ^ J X pitch of the screw. 

h*.T. 2W. — We shil) proceed lo examine the construction of 

F.i rfi F.G. 1164. 





Drilling Machine, w\qc\v msk-j >it ^qtV^4 «5sh«x h^ 1^ 
power, but is not stlj-ading. 
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K The general arrangement of the machine is shown in fig. 264!, 
Rhe power is applied to turn the bevel wheel D, which again drivi 
W, and causes the case or pipe containing the drill spindli 
Iptate. This provides for one part of the motion, viz., the rotating 
■f the drill spindle, and the hand wheel K drives the spur wheels 
K and N, and advances the drill into the work in a manner which 
Be shall endeavour to make clear, 

■ The drill spindle is formed in two pieces, as shown in fig. 263, 
Bnd the upper or screwed portion does not rotate with the lower 
ferUndncal portion which carries the drill, but simply moves it up 
bid dpwn by means of a collar without interfering with its rota- 
pon. The screwed piece works in a nut forming the boss of the 
vheel N, and is prevented from rotating by a feather sliding in a 
boove or slot which runs along the whole length of the screw. 
Bad which cannot be seen in the view given in the drawing, the 
feather itself being fixed in a stop-collar at N. 
I Hence the rotation of the wheel N, by reason of its connection 
■dth the hand wheel K, will raise or depress the whole spindle as 

I The rotation of the drill spindle is provided for by cutting a * 
proove «n in the lower part of it, and attaching a corresponding 
Btojection or feather to the inside of the pipe AB. This allows the 
foindle to move lengthways in the pipe, and ensures its rotation 
nst as if it were a part of the tube in which it is held. . 

I A machine of this construction might easily be made self- J 
icting, as in a very useful form manufactured by Messrs. Smith | 
Beacock, and Tannett. Here the screwed spindle is not em- ' 
Keyed, but a rack and pinion i? substituted for it, and tiie pinion 
B slowly raised or depressed by an endless screw and worm wheel 
Kt in motion by a hand wheel similar to K. 
r The self-acting portion consists of a small cone pulley, which 
fbaws off a motion of rotation from the driving shaft, and the axis. 
Hthis pulley is fitted with a second endless screwand worm wheel / 
blaced just over the hand wheel, and which can be sUd into gear 
B as to produce the self-acting motion. | 

1 Thus the same slow rotation may be given to the driving pinion ' 
n the axis of the hand wheel, by the steam-power, which is other- : 
^e given to it directly by the workman ; Ave coTie \kKic^ <A «s<a3^ 



1 

lie to'^H 



I 




252 Eieifunts of Meehtaiam. 

proriduig for varying araoiu^.ts of feed acconlk^ to tbe r 
nients of the work. 

Art. 2133. — A Drilling Machine by Mr. Bodmer, of Man- 
rhester, is made sell'-acting in the fotlowing □ 

The drill spindle (f^ 365) has a screw-thread, traced upcn it 
A groove is cut longitudin.iIl7 along the spinclle, and a [Kojecdaa 
trpon the interior of the boss of the wheel D (its accoiately it 
the groove 

Thus the spindle can traverse through the wheel D, althou^ 
the *pindle and wheel must turn together. 



Frc. J65. 
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A nut H, in the fonn of a pipe, 
and having a wheel, C, at the bottom 
of it, receives the spindle. This wheel 
and pip^ are shown separately in sec- ' 
lioa 

If a pinion, A, turning in the di- 
rection shown by the arrow, engage the wheel D, it will screw the 
spindle rapidly out of the pipe H, and bring it down towards the 
work. 

Suppose a second pinion, B, turning in the same direction as " \ 
A, to act upon C, it will move the nut instead of the screw, and | 
the drill spindle will rise rapidly so long as it is prevented from 
rotating. (Fig. 266.) 

Thus far we have provided for bringing the spindle down lo 
its work, and for raising it up again. It remains to apply the 
principle of aggregate motion, and to caiise the drill spindle 10 
become the recipient of t\iese wo Tciovewiewa "\n a. -meaioi «s^'4. 



Drilling Machine. 

gree, and thereby to ensure ^e slow descent accompanied by 
E«d rotation, which is required in process of drilling. 

The result of the combination is shown in fig. 267, where the 
leels A and B are moved together : 
e wheel A tends to depress the spin- 
e, the wheel B tends to raise it, and, 
Sec A is greater than B, the spindle 
iscends by the difference of these 
totions, having further the motion of 
^tion given by the wheel A. 

The motions of A and B are ob- 
ined from the driving pulleys I, N, 
idL. 

I is an idle pulley, N drives A, and 
drives B. When the strap is on N 
le drill descends to the work, when 
le strap is on L it ascends from the 
Ork, and when the strap is partly on 
' and partly on L the drilling pro- 
!eds. 

I The practical objection to this movement is that the rate of 
ed is invariable so long as the train of wheels remains the sama ' 
! may be thought better to control the feed by means of a cone 
alley, where the strap can be readily shifted so as to change the 
Ivance of the cutter. 

Art. 304. — A Boring Machine would be employed to give an^ 
fcujate cylindrical form to the interior surface of a steam cylinder. 
' In the annexed example the boring Fig. 16a. 

Btltrs are attached to a frame which rides 
pOQ a massive cast-iron shaft or boring 
(T, and rotates with it : this frame is fur- 
ler the recipient of a slow longitudinal 
ovement given by a screw. 

annular wheel. A, shaped as in the 




Ibya ^^k 
re the ^H 



gram, rides 1 



: upon 



the bar 




I, P, at the end of the feed- 

h advances Checutters, the boring baibein^t'ic.ci'Ktti J 
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It is quite apparent that as long as the rotation of the wheel 
A is identical with that of the boring bar, the pinion P will not 
turn at all ; and, further, that a slow motion will be impressed upon 
P if the rotation of A be 
made to lag a little behind 
that of the bar. 

A spur wheel, B, is keyed 
to the bar, a small shaft 
fixed at the side carries the 
wheels C and D, and thus 
motion is imparted to .1. 
the driver of the feeding 
screw. Let the numbers of 
teeth upon B, C, D be 64, 
367 35^ 3.nd let the wheel 
A have 64 teeth, both upon 
the outside and the inside of its circumference, the pitch of the 
screw being \ an inch, and the number of teeth upon the pinion 
being 16. 

C X A 36 X 64 36 J 

Thar is, A loses g'sth of a revolution for every complete rotation 
of the boring bar. . 

At the same time the pinion P moves through ^ X fj or J of 
a revolution, and the cutter advances through ^ X -^ an inch ot 
through ^igth of an inch. 

Art. 205.— This slow rotation of the screw which advances 
the boring head may be obtained in a more simple manner by a 
combination which virtually embodies the sun and planet wheels 
of-Watt. 

Conceive that two wheels, A and B, of 40 and 80 teeth re- 
spectively, are attached to the bar CAB, which has a centre of 
motion at C 

If the bar be carried round C, and A be made a dead wheel, 
the effect of depriving A of the rotation due to its connection with 
the arm will be to cause B to rotate relatively to the arm just as if 
the axes of both wheels ■were ftn-ed \u s-^'s.ce. 

The movement is shown m \.\\e iw-^wn, Vnetc K^ias -Kosrfi 
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= 55 



n^h half a right angle ftom its first position rdaiivdy to the 
\, while the arm itself has been carried through a right angle. 
The student will distinguish between the absolute and relathn 
ations of B ; the absolute amount of the rotaUon of B is one 

ingle and a half 
This also appears from the formula, viz, o= -^^ . 



Substituting the values w 



— \, we have— i = - 



.*. « -J a 



t («— «) represents the number of rotations of the wheel B 
itively to the arm while- the latter is making {a) revolutions, 

d the analysis therefore shows that the angular velocity of B ■ 

Hively to the arm is half that of the arm itself, and also that 

(h rotations take place in the same direction. 
Further, it must be noted that the position of C makes no 

ierence in the result, which will be the same if the point C be 

mewhere between A and B. 




In the application of this movement to the boring machine, 
the centre of motion is between the axes of the wheels, in the 
line marked C in the diagram, and the, numerical value of e 
less than \, probably about ^. 

The wheel B is placed upon the axis of the screw which | 
advances the boring cutters, the rotating arm being now a part ' 
i the solid end of the boring bar ; the wheeV ^ ^iea li^t -k J 

rate stud, and is attached to a bar A.D ol some coTOieM.«!" 
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length which passes through and rests upon a fork in an indepen- 
dent upright support placed at some little distance from the 
machine. 

As the wheel A is carried round the axis of the boring bar 
this rod slides a little to and fro in the fork, and controls (W 
wheel A so as to render it impossible for it to rotate, or, in otha 
words, to make it a dead wheel. 

The wheel B will now turn slowly under the action of A so 
far as its position relatively to the boring bar is concerned, and 
upon our supposition, the screw will advance the boring cutters 
by a space equal to its pitch in five complete revolutions. 

This would give a feed dependent upon the pitch of the screw, 
which could of course be Varied at once by changing the wheels 
A and B. 

Art. ao6. — Sir J. Whitworth's Friction Drilling Mtuhinehin 
elegant application of the principle of aggregate motion. 

AD is the drill spindle, which is driven in the usual manner by 
the bevel wheel B. 

E and F are two worm wheels embracing the screwed portion 
of the spindle upon opposite sides. Tbej 
are of peculiar construction, being hollowed 
out so as to fit against the small screwed i 
spindle, and they work with a V-threaded 
screw upon AD. 

If E and F be prevented from tumii% 
they wDI form a nut through which the spindle 
will screw itself rapidly. 

If E and F be allowed to turn quite freely. 
the drill spindle will set them in motion, and 
the nut will be virtually eliminated- The driD 
spindle may then be regarded as the recipient 
of two equal and opposite motions : it is 
depressed by screwing through the nut, it is 
elevated by the turning of the wheels. 

If the rotation of the wheels be in any 
degree checked by the application of friction, 
the equality is desuo^ed, and the drill spindle 
descends to a conespotidirvg tuVsTA. 
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A' finction brake, regulated by a screw, restrains the motion 
I and, F, and gives a .perfect command over the working of ihsj 
baachine. 

When B is at rest the worm wheels act upon the screwed part 
f iof the spindle just as a pinion does upon a rack, and the drill can 
[jbe rapidly brought down to the work. 

This method of converting a screw and worm wheel into a rack 
tnd pinion is quite worthy of attentive consideration : it is emr 
fcloyed in the well-known lathes by the same firm. 

Art. 207, — Walt's Indicator is an instrument used to asca:- 
i the actual horse-power of a working steam-engine. Thfi' 
principle upon which it is constructed is the following : — 

A pencil oscillates through Fig. sja. 

the space of a few inches in a 
horizontal line, with a velocity 
which always bears a fixed ratio 
to tliat of the piston, whereby its 
motion is an exact counterpart 
Upon a very reduced scale of the 
actual motion of the piston in the 
cylinder ; and at the same 
lime it is the subject of a second 
It in a vertical line, which 
is caused by the pressure of the 
Steam or uncondensed vapour m 
the cylinder, and occurs whenever 
the pressure of the steam or \a 
pour upon one and the same side 
of the piston of the engine be 
s greater or less than that of 
I the atmosphere. 

Under the influence of the--e 
[independent motions the iggre 
; path of the pencil will be a 
I curve which is capable of inter 
I pretation, and which affords a 
I wonderful insight into actions 
I tthjch aie taking place in the interior ot vVie c^Vmde,^. 
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An excellent early form of the apparatus is knoiriK' 
McNaught's indicator, and consists of a small cylinder. A, fitted 
with a steam-tight piston, B, The piston rod, BD, is attached 
a spiral steel spring, which is capable of extension and compression 
within definite limits, and is enclosed in the upper part of a tube 
which carries the cylinder A. 

The pencil is attached to a point in the rod BD, and traces 
the indicator diagram upon a piece of paper wrapped round a 
second cylinder by the side of the first 

The cylinder, A, is freely open to the atmosphere at the fop, 
and a stopcock admits the steam from below when required. The 
indicator is usually fixed upon the cover at one end of the steam 
cylinder of the engine. When the stopcock is opened and the 
lower side of B is in free communication with the interior of 
the cylinder, the pressure of the steam will be usually greater or 
less than that of the atmosphere : if it be greater, B will rise 
agmnst the pressure of the spring, and if it be less, the pressure 
of the atmosphere upon the upper surface of B will overcome the 
resistance of the spring and cause the pencil to descend 




At the same time, the cylinder which carries the paper is made 
to turn with a motion derived at once from that of the piston in 
the engine, but much less in degree, and thus a curve is traced 
out somewhat of the chaiactei: te^iLesenlei a^-^e. 



Tlte Indicator. 






Here PQ is the atmospheric line, and is the path of the 
pencil when the pressure of the steam is equal to that of the 
.tmosphere, or when the spiral spring is neither extended nor 
compressed. 

As the steam enters the cylinder, the piston may be supposed 
to be descending, and the pencil to be describing the upper por- 
■4tion of the curve : when the piston returns, the pencil moves to 
|!the left through DEA, and thus the diagram is traced out. We 
inay examine this matter with more particularity as follows : the 
Steam is admitted when the piston reaches the top of its stroke, ■ 
'and the pencil rises with a rapid motion from A to B ; the full 
-pressure of the steam is then maintained while the pencil, recording 
■a portion of the travel of the piston, moves from B to C ; at C the 
isteam is cut off, and the pencil falls gradually as the steam expands 
iwith a diminishing pressure ; at D the steam pours into the con- 
denser, and the fail becomes sudden ; from E to A the cylinder is 
in fill! communication with the condenser, and the pencil describes 
a line somewhat inclined to the line PQ, the position and form of 
which depend upon the perfection of the vacuum in the condenser. 
The strength of the spiral spring being ascertained, the curve 
tells us exactly the number of pounds by which the pressure of 
the steam urges the piston onward during every inch of its path 
in one direction, and the amount of resistance which the uncon- 
densed vapour or gases existing in the condenser oppose to its 
passage in the other direction. The area of the curve, therefore, 
affords an estimate of the work done in the engine during one 
complete stroke, and is a graphic representation of the same. The 
engineer estimates this area by simple measurement in the most 
direct manner which occurs to him, and the actual indicated 
horse-power is obtained by multiplying the work done in one 
stroke by the number of strokes made in a minute, and then 
dividing by 33,000, the number of foot-pounds which form the 
measure of rate of work called a horse-power. 

Art. 108. — The object of the indicator being to ascertain the 
exact pressure of the steam or vapour in the cylinder at each 
point of the stroke of the piston, it has been found to be a great 
advanuge to diminish as much as possible the play of the spring 
which controls the penal In this ^a^ ftve NXXi^iaton. a.-Ai \wesgi- 
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larity gf mQtion of the pencil is greatly reduced But the plif " 
given to the spring determines the height of the diagram, and we 
do not wish lo reduce this, but rather the contrary. It is not easy 
to reconcile these contradictory requirements, but, nevertheless, a 
form of indicator has been invented by Mr. Richards which solves 
the difficulty, and has become most deservedly popular. 

It is an ingenious application of the combination of two ban 
and a link forming a parallel motion, and will be underetood at 
once from the drawing which is taken Irom a small model repre- 
senting very closely the essential parts of an actual instrument 

The parallel motion bars AB and CD carry the pencil, which 
traces out upon a drum a copy of the vertical movement of the 
piston E of the indicator but m3t,nified by reason of the attach- 
ment of the piston to a point S near the fulcrum of the bar CD, 




The principle of the api«iratus is precisely the same as that which 
we have already explained, and tVe otiVj ^Sexexvce consists in the 
application of the paralVeVmoUoTv\ian\.Q wJias^e.^sa&a.'gmm. 
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The drum derives its motion from any part of the engine 
ffhose movement is coincident with that of the piston, and the 
ipiral spring can be changed so as to suit different engines. The 
Mnnecting Unk is not set perpendicularly to the bars AB, CD, but 
makes an angle with them as shown, an artifice which causes the 
^ncil to describe a line free from any sensible curvature. 

The parallel motion is set out in a separate diagram, in order 
tbat it may be thoroughly understood. 




The link RS is parallel to BD when the motion begins, and 
h remains parallel throughout, for R and P are both constrained 
to describe vertical straight lines. 

Hence we have the pantograph in a disguised form. 
Also, travel of P : travel of R = CD : CS. 

In the indicator as constructed the movement of R is 
nified about four times. 

It should be understood that the frame carrying the motii 
bars is attached to a collar which can be rotated on the cylinder, 
whereby the pencil is readily brought up to the paper or removed 
from it 

Art. aog, — There is a curious movement derived firom the 
employment of a dead wheel in a train which has been applied by 
Mr. Goodall in a machine used for grinding glass into powder by 
the action of a pestle and mortar. The pestle is made to sweep 
round in a series of nearly circular curves contracting to nothing, 
and then expanding again so as to command the whole surface 
of the mortar. 

We shall show that the contrivance is merely a solution of the 
problem of obtaining an expanding and conlracting crank. 

Let CQE be a crank whose centre ol mouotv « "O-, c.«t«K«e. 
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that D is a dead wheel on the same axis, and that 
wheel riding upon one end C of the crank 




lal A is a larg^^ 



Suppose, further, that a piece Q, capable of sliding along CE, 
is attached by a link SQ to a point S in the circle A, which is not 
its centre ; and, finally, that a pencil at P is connected with Q bj 
a Unk PRQ constrained always to pass through a fixed point R. 

As the circle A and the crank CQ travel together round the 
dead wheel D, it has been proved in Art 195 that the wheel A 
■will turn relatively to the arm just as it would do in an ordinary 
train with fixed axes. Hence the point S travels slowly rounji b 
the dotted circle, thereby causing the point Q to move to and fio 
along CQ. 

It may be arranged that Q shall start from D, and it will traVfl 
along CE through a space equal to twice CS. When Q is at C^ 
the point P is motionless, whereas, while Q moves further from A 
and continually sweeps round, by virtue of its being a point in a 
revolving crank, it is evident that P will trace out an exjianding 
spiral, which will return again to nothing when Q is pulled back to 
D by the action of the wheel A. 

It now only remains for us to consider what would be the 
actual construction of the apparatus. 

The drawing is taken from a model, and not from the machine 
itself. 

The crank CDE is a bar whose parallel arms are connected by 
a vertical piece, and which carries the wheel C upon one arm and 
the sliding piace KQ upon the Ql\i&\ axm, T\\\s, M^mk. U driven 
by the spur wheels L and "M- coT^tiecteii. -s^Nix 't^e \vaiv®K. "ft.-,"*- 



w 
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lerefor? rotates round the axis of the dead wheel D, and carries 
C and KQ upon opposite sides of the vertical axis through D, 



*=3„ 



The lint SQ connects the wheel C with the piece KQ, and 
this latter piece is again connected by QR with the pestle, it being 
provided that QR shall pass through a guide at some fixed point 
about half-way between Q and the mortar. The pestle is swung 
from a ball and socket joint at some convenient height above P. 

The rotation of the crank round the dead ^heel causes C to 
turn slowly upon its own axis, the point S therefore travels slowiy 
round C, hence the end Q of the connecting rod QRP is some- 
times at a distance from D, and at other times is exactly over it, and 
during the whole time Q is a part of the crank DQ, and sweeps 
round with the arno. Thus the required motion is provided for. 

Art. aio. — The mal chuck affords an instance of aggregate 
motioa It is based upon the following property of an ellipse, 
which is taken advantage of in constructing elliptic compasses for 
drawing the curve. 

Let ACA', BCB, repre- f,g. =76, 

sent two grooves at right 
angles to each other, and 
traced upon a plane surface ; 
PDE, a rod furnished with 
pins at D and E. If this rod 
be moved into every possible 
position which it can assume 
while the pins remain in the 
grooves, the point P will de- 
iscnbe-an ellipse. 
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Draw PN [lerpendicular to AC, and PM perpendicular ti 
Let CN = a:, PE=ff. 
PN=>', PD=A 



*» y FM»+EM* _ 

which is the equation to an ellipse: 

In drawing an ellipse we should fix the paper and move the 
rod over it, but in turning an ellipse in a lathe we should 6x the 
describing too! and move the piece of wood or metal underneath 
it ; thus the conditions of the problem become changed, and the 
construction is modified accordingly. 

An equivalent for the grooves ACA', BCB' may be arrived at 
ils follows : — 

Describe a circle about E of radius larger than ED, and let 
two parallel bars, QR, ST, be connected by a perpendicular 
link HK, equal in length to the diameter of the circle, and thus 
form a rigid frame embracing the circle, and capable of moving 
round it. . 




As the frame moves round the circle we must provide ^ 
HK. shall pass through D in every position as represented in die 
diagram. 

If we draw DC parallel to QR, and EC paraUel to HK, 
it is easy to understand that the imaginarv triangle DCE in fig. 
280 is exactly the same as the VT\aT\^e X^Ct m ^^ i-\'?i !»»&.«£«» 
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throughout the motioii ; and that whereas we formerly moved the, 
bar EP over a fixed plane and described an ellipse, so now we 
have arranged to obtain the same motion with a fixed bar and a 
movable plane, and shall trace out precisely the same curve. 

This is a very good example of aggregate motion. The plane 
upon which the ellipse is traced is the subject of two simultaneous 
movements : by one of them a line, HK, in the plane is made to ^ 
revolve round D as a centre, and by the other the same line re- 
ceives a sliding motion in alternate directions through D. 

Thus an oval, or more properly an ellipse, may be turned in 
the lathe. 
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CHAPTER VIIL 

OM TKVTH or SURFACE A!(I> THE rOVER OF SIEASDRI 

Art. 211. — The sabject matter comprised under t 
this chapter is so Urge that it cannot be discussed fu]ly, s 
that can be done is to present a brief slcetch of some impq 
&cJs connected with it 

We have to describe a method of mechanical i 
founded upon truth of suilace, which is probably the rerase 
of that which most persons would form for themselves. The 
idea of measurement is commonly associated with optical con- 
trivances, whereby, if we desired to measure some minute inten-al 
of length, say in ten-thousandths of an inch, we should naturally 
proceed to the task armed with powerful lenses or microscopes, 
and rel)-ing mainly on the sense of sighL It would be something 
quite novel and unexpected to discover thai the sense of touch 
would do more for us than the eye, and that, in mechanical 
measurement, it is more easy to feel minute differences of size by 
the aid of surfaces properly prepared and adjusted, than it is 10 
recognise and compare such diiferences in the field of view of a 
microscope. 

We shall presently refer Jo a measuring machine, used in the 
construction of difference gauges, wherewith a workman can 
readily test gradations of size differing by m^Troth of an indi, 
and may in special cases carry on the operation as far as jirjiu''' 
Of sttidfl th of an inch. 

Inasmuch as a machine of this kind is a piece of constructive 
work perfected by the aid of other machines, such as the lathe 
and the planing machine, in which truth of surface is all impon- 
ant, it .will be useful to consider in the first instance the method 
o/" original ing a plane metaWit smfett. 

Every one knows thai a p\a.Tve su.il'ittSs, am,\ieA ■&i\\>,'i,-*s^ 
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the geometrician arrives at by an operation of the mind, but 
■hich has no real existence. 

In the year 1840 Sir J. Whitworth brought to the notice of 
engineers a new method of preparing metal he surfaces, and he 
mbmitted specimens of cast-iron plates so prepared, which he 
called true planes. 

A ' true plane ' is commonly spoken of in the workshop as a 
surface plate,' and is made of cast iron, being ribbed at the back 
and resting on three points of support. The truth which it pos- 
f course approximate, and its surface, when carefully 
examined, will be found to consist of a vast assemblage of minute 
bearing faces which lie very nearly in the same geometrical plane, 
the object aimed at being lo distribute these bearing faces as 
nearly as possible at equal distances from each other. 

The preparation of a standard surface plate, and the method 
of employing it for the multiplication of other identical plane 
surfaces, has been a distinct invention in mechanics, the importance 
of which can scarcely be over-estimated, and we proceed to give 
sn account of it 

Akt. 212.— Up to the year 1840, the process relied upon for 
obtaining plane surfaces on metal plates, and indeed the only one 
practically used, had involved the operation of grinding two plates 
together with emery powder and water. While the operation was 
going on the plates under preparation were occasionally compared 
with a standard plate or plane, but the standard i^late was imper- 
fect, the method of comparison was uncertain, and the smooth 
surface given by the process of grinding was entirely deceptive 
if regarded as an evidence of truth. 

The operation of grinding fails for the obvious reason that 
the action of the powder cannot be restricted to those parts only 
which are in error, and it is clear that a complete control over 
the successive removal of any portions of the surface which are 
believed to be out of truth is the first thing to be sought for. 
Such a control can be obtained by the use of a scraping tool, 
which, acting like one tooth of a file, is competent continually to 
remove portions of the metal in the form of a fine powder or 
dust, and it will be shown that by a systematic method of com- 
/( becomes possible to produce ^\a,ttK. VwiOn. ws^l"-*! 
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accuracy, though not in polish, the brilliant mirror presented 
the surface of mercury when in absolute repose and undisturbed 
by any ripples. 

A surface plale is always made of cast iron, and has usually 
mken the form of a rectangular plane table, ribbed at the back, 
and resting upon three supports or bearings. 

Three supports are necessary in order that the plate may 
remain under like conditions wherever it is placed. If it were 
supported on four legs, and the foundation gave way under any 
one leg, the plate would become distorted and untrue, but with 
three legs it must take an equal bearing under all circumstances. 
It may be thrown out of level but it will not be distorted. The 
same rule applies in lifting a plate : it must be hung from three 
points. 

The form to be assigned to the plate becomes material when 
the question of lifting or supporting it comes under consideration. 
in order to avoid distortion, a surface plate ought to press equally 
on its three supports, or be lifted by equal tensions, and for this 
purpose its centre of gravity should coincide with that of the 
triangle formed by joining the points of support or of suspension. 
Inasmuch as a rectangular plate of uniform thickness has no 
symmetry of form with regard to a triangle, it follows thai 
some polygonal form is theoretically preferable, and accordingly 
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cuts a surface plate ia plan and elevation, the circular ribs em- 
tloyed for strengtliening the plane table being apparent, a& well 
IS the legs or supports. 

A tripod frame binds the legs together, and the plate can be 
3ung by a handle screwed into the tripod, whereby it is subject 
t> the same mechanical conditions whether it is resting on the 
iUpports or is suspended by the handle. 

Having decided on the form of the plate and the noetHod of 
jupporting it, we have next to describe the operation of obtaining 
L plane surface 

Art. 213. — A number of good castings having been made, 
liree plates are prepared in the planing machine by levelling the 

ses or supports and by planing over the surfaces. 

The first step is to ascertain the most perfect plate of the 
Jiree chosen, which is done by laying a good straight edge upon 
each surface, and noting that which agrees most nearly with it. 
~A straight edge is a flat steel bar, on the thin edge of which a 
plane surface has been formed. In practice the surface of a 
Blraight edge is a true plane, but we shall consider it as less 
jerfect than the plane we are about to originate.] Let us call the 
ftiree selected plates by the letters A B. C, and let A be chosen 
the primary model The operation of scraping is bow relied 
Upon for the continual correction and improvement of the sur- 
acea. 




A scraping tool, as shown in elevation and plan in fig. 282, Is 
Tged from a bar of steel, the cutting edge being formed by 
grinding two facets at an angle of about 60°. The edge is care- 
fully set on an oil-stone, and for finishing tools the angle of i, 
scraper may be increased up to 120°, 

The workman holds the tool in his right hand, pressing t _ 
jcdge on the surface to be scraped with his left hand, and moves 
" ; tod to and fro through a small space, fe.\a \a;«iR^OS. nw^ 
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small quantities of metal in the form either of minute slian 
or of fine powder according to the degree of force e-xerted. 

It has been stated that scraping is a ven' delicate apfjUcation 
of the principle of filing, the edge of the scraper acting as if it 
were one tooth of a very fine lile, the object being to detach from 
any portion of the surface as much or as little of the metal as 
may be desired, and to confine the operation to the precise spot 
which may be in error. 




In order to present some idea of the result of scraping Wi 
the appearance of a surface, the annexed drawing has been en- 
graved from a photograph, and shows the peculiar mottled ap- 
pearance which is due to the multiplied action of the scraping 
edge in every direction as the work advances. 

Art. 214. — We have now to endeavour to arrive at a perfect 
coincidence between three surfaces. A, B, and C. 

It is a geometrical fact that if three surfaces can be brougjit 
into exact coincidence when compared and interchanged in every 
position, each of them must be a plane surface. Thus thru 
standard planes must be produced in the endeavour to form ont 
only. 

Taking two of the plates, as A and B, the method is to smear 
the face of A very lightly with red ochre and oil : the plate B ia 
then lowered upon A, so that the colouring matter may adhere to 
the surface of B wherever there is contact. B is then scraped 
at all those points to w\\\c\\ t^e cQ\o\mi\^ TOaxxw Wf, adbfire4 A 
■n its turn being vfiped c\eajv, a-rvi B 'b^vt^?, tQa.\e.6.-«\'0o. 'Cw. -ma.- 



^ure, after which the operatiou is reversed, and A is submitted to 
the scraper. The process is continued until the contact between 
V and B is made as perfect as possible, the bearing points being 
O numerous and evenly distributed that the entire surface ap- 
pears reddened. But although A and B are in perfect contact 
throughout, it may be that B is convex and A concave, as in 
fig. 284. TaJce now the third plate C, and bring it into perfect 
coincidence with B by scraping, and then compare A and C 
together as in the lower diagram, when the error, if any, will be 
.manifest by the failure of absolute contact as indicated by the 
colouring matter. 
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To bring A and C nearer the truth, equal quantities must \ 
scraped away from both surfaces at the points of contact Whet 
this has been done with all the skill the mechanic may pos 
and A and C are brought into coincidence with each other, £ 
the sketch, the next step is to bring B up to both. The art here 
lies in getting B between A and C in the probable direction 
the true plane. 

Taking now B as an improved standard for comparison v 
A and C, the process commences de novo, and is carried < 
regular series of comparisons, which result in a gradual approach 
towards absolute truth. At length the inherent imperfections of 
the material and of the tools render it impossible to proceed 
further, and the most watchful care is necessary in order to guard 
against the introduction of fresh errors ; the penalty for scraping 
off the slightest excess from any part being the performance of 
the difficult task of lowering the entire surface to the same extent. 
■ Art. 215. — The conditions which a surface pUle should fulfil 

the foUowing : — 
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1. The bearing surfaces should all lie in the same plana 

2. They should be distributed as nearly as possible at equal 
distances from each other. 

3. They should be sufficiently numerous for the particulai 
application intended. 

When a surface plate is completed the bearing faces will be 
found to have acquired a degree of polish, from continual rub- 
bing, and they will appear as numerous bright spots dotted ovet 
the plane. The plate itself has not the appearance or surface of 
a polished mirror, but it possesses, nevertheless, a considerable 
power of refiecting light, and might, for example, be used s& 1 
reflector for throwing on one side an image of the carbon points 
of an electric lamp. 

If two well-finished surface plates be wiped with a dry cloth 
and laid one upon the other, the upper plate will appear to float 
and become buoyant, as if some lubricating matter existed between 
them. If the upper plate be somewhat raised and allowed to fall, 
there will be no metallic ring, but the blow emits a peculiar 
muffled sound. These effects have been attributed to the presence 
of a cushion of air. If, again, one plate be carefully slid over 
the other so as to exclude the air, and then pressed together, it 
will be found extremely difficult to separate them. Here again 
it has been supposed that the plates adhered by atmospheric 
pressure. 

Dr. Tyndall has upset this hypothesis as to the adherence of 
two surface plates by atmospheric pressure, and has described his 
experiments in a lecture given at the Royal Institution. 

Having obtained a contact between two small hexagonal 
Whitworth plates, he found that the plates remained adherent in 
the best vacuum obtainable by a good air-pump. The vacuum 
was still further improved by filling the receiver with caibonie 
acid, and absorbing the residue with caustic potash. In tlus 
way the atmosphere was reduced until its total pressure on the 
surface of the hexagon amounted to only half a pound. The 
lower plate weighed three pounds, and to it was attached a mass 
of lead weighing twelve pounds. Though the pull of gravity was 
thirty times the pressure of the a.«\\osi^hete there was an excess 
force, and the weight was su^otVei. 
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is also noticed that the amount of vacuum formed in the 
rer of an ordinary air-pump has little or no power in dirain- 
thing the floating effect which is observed when one plate lies 
pon the other. The floating is just as apparent under the 
Khausted receiver as in the open air. 

The conclusion at which Dr. Tyndall arrives is that the plates 
dhere by the molecular attraction of the bearing points brought 
hto close contact by reason of the near approach to absolute 
ruth of surface. 

Aht. 2i6.— We pass on to describe the method of producing 
I rectangular bar with plane sides and plane ends, which may be 
iken as the type of bars hereafl:er to be used in the measuring 
machine. 




A right-angled groove with plane faces is prepared and made 
as true as possible by straight edges and squares. A rectangular 
bar, fitting the groove as shown in fig. 285, is also prepared and 
rendered approximately true. The bar is then laid in the groove, 
and the faces of .jhe groove are brought by scraping into coinci- 
.dence with those of the bar. The bar is next rotated through 
^th of a revolution, so that the angle marked (i) takes the position 
■ of that marked as (a) in the diagram, and the surfaces are a^in 
■compared and corrected. This goes on till a. covwiitTVCft ""e. ^^ 
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tained in every position, when the bar and groove must 
[heir surfaces at right angles. 

The geometrical principle is that the four interior angles of a 
quadrilateral figure are equal to four right angles, and if these 
angles be equal, each must be a right angle. 

Having obtained a bar with plane sides, it remains to work up 

the ends into true planes at right angles to the axis of the bar. 

For this purpose one end of the grooved rectangular blodc 

ABCDE is made plane, and as nearly as possible perpendicuUr 

to the a."ds or edge of the groove. The bar is laid in the groove, 

and a trial plane F is brought into contact with the plane end of 

the block and with the end of the bar. The latter surface is then 

made a true plane, and occupies the position i a 34 in the diagram. 

The bar is now rotated through half a revolution, so as 10 take 

the position 3412, and we have a ready method of testing whedier 

the plane end is or is not perpendicular to the axis of the bar. 

If the line CBD, fig. 286, be nearly but not quite at ri^ 

Fic. =86 angles to AB, and if the system ABCD be 

jj' ^ J. rotated through 180" about AB as an axis, 

\ \ I the lines BC and BD will take the respective 

'■. 1 / positions BC and BD', and the true perpen- 

\'/ dicular to AB will bisect each of the angles 

;-H — ; j(b CBD' or CBD. In other words, the true 

/i''^ perpendicular lies in HK, which is half way ■ 
I \ between the two positions occupied by CD. 
I '■. , Applying our proposition to test the di- 
rection of the plane end of the bar, we shall 
probably find that one of the angles of the end-face is alone b 
contact with the trial plane after the rotatiorL This shows that 
both the plane ABEDC and the end of the bar are out of truth, 
and an equal quantity must be taken from each, the directions of 
the plane surfaces being shifted through half the supposed angle 
of error. The operation is laborious, as it involves an alteration 
in the direction of the whole surface of a plane. 

Having brought the trial plane into perfect coincidence with 
the end of the bar when the angles (i) and (3) are successively 
uppermost, the same thing has to be repeated with the angles (i) 
and (4), and if the coincidence \ic-9eritexm.e^et^ V^\t\Mi. «oM«st 
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rotation, it follows that the plane end of the bar must be truly 
perpendicular to its axis. 

The final operation is to remove the bar from the groove, and 
nib it lightly on a surface plate. 

Art. 217, — Every mechanic is familiar with measurement by 
callipers, whereby to judge of differences of size by the degree 
of tightness which is felt when pieces of metal are passed between 
the legs of the instrument. Supposing it were required to com- 
pare two spindles, for the purpose of making one an exact copy of 
the other. Calling the original A, and the copy B, the workman 
would adjust the callipers until he had obtained a certain degree 
of tightness when passing ihem over the surface of A. He would 
then gradually reduce B, until, to his sense of touch, the feeling 
of tightness of the instrument was alike when passing it over A 
or B indifferently. 

The comparison is not easy, for there are many sources of 
error. The ends of the callipers are blunt edges, imperfectly 
shaped, and it is difficult to hold the legs of the callipers in a 
plane exactly perpendicular to the axis of the cylinder which is 
being tested The transverse section of a cylinder is a circle, 
whose diameter gives the measure of the cylinder, but an oblique 
section of a cylinder is an ellipse, whose major axis is greater tlian 
the diameter of the cylinder. When the callipers are so held as 
to embrace a transverse section the observation is correct ; whereas 
when they embrace the opposite arcs of an oblique section Ihe 
ODservation is worthless. Although a skilful workman may use 
callipers so as to obtain very good results, it is evident that he 
Struggles against an inherent defect which cannot be remedied. 

In like maimer callipers have been constantly employed for 
the conversion of line into end measure. In effecting this inter- 
change the workman lays his callipers upon the graduations of a 
foot rule, and reads off the interval as nearly as he can. He then 
shapes some piece of metal which is to be made of given dimen- 
sions until the callipers pass over it with an estimated degree of 
tightness, and he thus transfers an interval on the rule to some 
part of a solid body. 

There are three difficulties in the way, and one is verj 6ei:ic«ifi- 

I. It is impossible to delerraine Viow iieaiVj ftvt wxi ^A «a«!si. 
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leg of die ciI5peT5 coinddcs wiih die centre of the ocnrespondiBg 
. ioe of padiBtioa dL'dx rale. 

3:. There b the difictthr of boluiog lite instrument in a phne 
p eit*» ^cii l « r to ibc mboes under measurement 

}. It is oncenaiB to «4i3t extern the legs of the instrument 
naj Eprii^ or }'ieki nnder die ratiabli; pressure of contact 

Some jois ago a standsid indi ims unknown in the work< 
diO|V *wl ihe gndoaied foot-ndes reie often incorrectly divided. 

Tbe subjeci of mechanical meascFemeni remained in a sFaie 
of nnocTtaintT and coniosian untit Sir J. Whitworth applied himseil 
to die mtbtiuoi op of end measure standard bar^ as well as of a 
nuudune for end measurii^ 

Before commendi^ that task he had satisfied himself that the 
only practicable mode of meastirement suited for the workshop 
should be one founded on truth of surface and the sense of touch 
— the delicacy of the nerves of feeling being, in fact, a thing quite 
disr^arded and n^Iected by all others who had applied them- 
selves to improring mechanical measurement He undertook 
die novel task of showing how to measure minute differences 
of size which were simply feit, and not observed or recognised by 
the ej-e, and he constructed a machine for reproducing in a much 
more perfect manner Uie ordinary callipers of the workshop. 

Conceive now that the ends of the legs of the callipers are 
replaced by two parallel true planes fixed at a distance equal to 
the diameter of the cylinder, and that these planes can be caused 
to approach or separate by almost insensible intervals. We have 
then a measuring machine of the highest delicacy and precisioa 
The sense of touch can be tested in a manner that will surprise 
any one who approaches the subject without previous training or 
experience, and differences of ten thousandths of an inch become 
palpably evident Taking the workshop measuring machine as 
constructed by Sir J. Whitworth, we find that its general appear- 
ance is that of a small turning lathe. 

1. There is a cast-iron bed formed of two parallel cheeks, 
connected at the ends, and stiffened by intermediate ribs, the 
bed itself being supported upon standards or feet placed at the 
folds. These feet consul. q1 x^a3to■« Vouijjmdinal fillets, 
i at one eni oi tVe tcMns mA otit «Su ■&« <;iici3. 




Measuri'/g Machifie. 



[(^^■^■^■T" 



I 
I 

f J'lllili'lf' s 




27S Elements of Mcchanistn. 

so that the machine rests on three supports, just as if it were ^i*'! 
ordinary surface jilate. 

I. The upper jjart of each cheek is spread out into a flange 
having one inclined and one vertical face, so as to form togethu'r 
a guide for the headstocks B and C, whereof C is fixed and B is 
capable of being traversed along the bed by means of a hand- 
- wheel F attached to a quick threaded screiv which lies between 
the two cheeks of the bed, and is supported on cylindrical bearings 
at each end. 

The guiding faces of the flanges are carefully scraped and 
made true planes, as are also the surfaces of the headstocks which 
rest upon them ; and since the intersection of two planes is a 
straight line, it follows that the headstock B traverses in a definite 
direction along the plane bed of the machine, and that any point 
in it describes a close meclianica! approximation to an exact 
straight line. 

3. A hole is bored from end to end of the upper part of each 
headstock, ^eat care being taken to make it truly cylindrical, and 
with its aws parallel to the bed of the machitie. Also the two 
cylindrical holes have a common axis. 

Each bore is then fitted with a cylindrical sliding piece, the 
diameter of the sliding piece being slightly less than that of the 
internal surface according to a difference previously determined 
and tested by difference gauges. The method of doing this will 
be explained hereafter. 

Each cylindrical sliding piece is prevented from turning round 
in the headstock by a narrow key which forms a feather, and is 
recessed, partly into a longitudinal , groove cut along the under 
■ side of the sliding piece and partly into the headstock itself The 
cylinders terminate in the true planes D and E, which are circular 
in form, and as nearly as possible perpendicular to the axes of the 
respective cj-linders. 

4. The measuring plane D is movable by a screw with a 
graduated hand-wheel, the object of which is to put the plane 
approximately into any required positiotL 

The actual measurement is performed on the side of the 
headstock C. Here the sUdrn^ c-jVmdw -sHch terminates in the 
true plane E is adjusted by a scm-k -wvi^. t^CTS^ -iaeaas. \ 
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inch, and terminating in the hand-wheel P, having 500 divisions 
an its rim. A pointer R registers the motion of the wheel, and it 
follows that a movement of the rim of the wheel through the 
spate of one graduation traverses tjie plane E through yij^Tnith 

Since the large wheel P is 11 '8 inches in diameter, and has 

> graduations, it follows that the space travelled over in passing 
from one graduation in the rim to the next in order is 741 times 
that through which the measuring plane is shifted. In other 
words, if the measuring plane advances by 1 aoiifl th of an inch, 
graduation in the rim of the large wheel advances by ifffAirths 
'of an inch, which is rather more than -,iyth of an inch, an interval 
that can be readily observed without assisting the eye by lenses, 

In this machine there is space for measuring circular gauges 
up' to 6 inches in diameter, and bars up to 12 inches in length. 
But for ordinary purposes, and for the construction of small 
gauges, a much smaller instrument will suffice, the working parts, 
however, being the same. 

Art. 218. — We have now to speak of the construction of 
case-hardened cylindrical gauges, or standards, for comparison in 
the workshop, and the drawing shows the two principal forms. 




1. There is an external gauge A, cylindrical in form, with 
handle, and of varying diameters from ^ inch up to z inches. 

2. There is an internal gauge B, also cylindrical, and exactljlj 
fitting upon A 

ThesG gauges sire made in pairs, and aeive. to Vi^^.'fc.^ ii\-ssM 
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of any solid cylinder, or of any cylindrical opening 1 
same diameter. 

In the collection of the School of Mines are two of these e 
temal or plug gauges, and one internal or collar gauge, whereof 
the respective diameters are one inch, one inch less -nrJ-uTi'^ '°'^''> 
and one inch. 

Calling them in the order as above stated by the lettera A, 
A', and B, we find these results : — ■ 

1. Wipe A and B, which are exact i-inch gauges, with a. clean 
dry cloth, and endeavour to pass one over the other. We cannot 
do it, for the surfaces at once bite together, and we should saj 
that the plug was too large for the collar. 

Now rub a very little of the finest oil upon the surfaces of A 
and B, and it will be found quite easy to pass B upon A. If A 
be held in a vertical position, B will slowly sink from the top to 
the bottom of the cylinder. The smoothness and yet tightness of 
the fit is most remarkable, the oil preventing the adhesion and 
jamming together of the metallic surfaces. 

2. We next proceed to test A' and B, remembering that the 
diameter of A' is Tirisiith of an inch less than the internal dia- 
meter of B, and we begin by wiping the surfaces so that all oil is 
removed, and they are perfectly dry and clean. 

It will now Ije found that B fits quite loosely on A'. If the 
gauge A' be held in a vertical position, B will fell freely from the 
top to the bottom. 

Again rub some oil upon the surfaces, which will fill up the 
vacant space, and A' will pass through B very smoothly, but some 
sUght resistance will be felt. 

By handling these gauges the difference of fit due to a difference 
of Tflouo th of an inch becomes very apparenL 

The practical value of difference gauges is well understood. 
For instance, the cylinder of the moving headstock of a lathe 
requires as good a fit as possible, but that means that a true and 
proper allowance should be made in the size of the parts working 
together, and Sir J. Whitworth states that in the case of an ordinary 
lathe the hole in the headstock should be jTrini'^h of ^'^ i"ch larger 
than (he cylinder. 

In like manner gauges woMYd v™''*^ xti\ieol ^ta.^. -iJOTJ\tt\& 
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carrying out the manufacture of an axle, the journal being made 
to a standard gauge, and the bearing being, bored out so as to fit a 
difference gauge somewhat larger in size, and of the precise 
difference in diameter, which experience has shown to be neces- 
sary, regard being had to the conditions under which the axle is 
to work. 

It may therefore be conceded that every manufacturer should 
be in a condition to produce difference gauges for use in his 
workshop. 

Art. 219.^ — Sir J. Whitworth has constructed a measuring ma- 
chine with rectangular plane bars in place of the sliding cylinders, 
and with a higher mechanical multiplier, whereby he has measured 

^P to TinmnyTy o^ an inch. 

We have not space to describe the apparatus fully, but may 
state that the sliding bars are rectangular, with faces made truly 
plane, and that they move in right-angled V-g^^ooves, whose sur- 
faces are also true planes. 

The ends of the measuring bars are circular planes, each 
about x^i^ths of an inch in diameter, and the utmost care is taken 
to ensure that these plane ends shall be truly perpendicular to the 
respective axes of the bars. We have described the method of 
securing this result 

Of the two measuring bars one is advanced by a screw having 
twenty threads to the inch, and terminating in a graduated hand- 
wheel with 250 divisions on its rim* This gives a quick motion 
of yjy^nrth of an inch for each graduation. 

The other measuring bar is actuated by a combination of 
screw-gearing. There is first a screw with twenty threads to the 
inch, which terminates in a worm-wheel having 200 teeth upon 
its rim. Then the worm wheel is itself driven by a tangent screw 
carrying a hand- wheel with a micrometer graduation of 250 
divisions upon its circumference. 

It follows that the rotation of the tangent screw through one 
division will advance the bed screw of twenty threads by a space 
equal to 

_i_ X ^1— X -^ of an inch, 
250 200 20 

or iQooooo ^h of an mch. 
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Also the movaaent of tooooi inch has been indicated by the 
gRvitj [Mece becoming suspended instead of filing, and the piece 
has &llen again on rereisii^ the tangent screw ihrongh two 
graduations, representing "oooooz ; blowing the afanost infinitc- 
EUnal amount of play in the beaiin^ of the screws. 

For the coareer measimng machine the workman relies upon 
f touch for f ee\vn^ \l\e sue (A "iVe "oiai-^ Ntfeida k b^ng 
a the raeasuriivs v\ane&. 
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Art. 220. — The national standard of length is a rectangular 
Tonze bar, 3S inches long, and i square inch in transverse section. 
L cylindrical hole, -| inch in diameter, is sunk near each end to 
le depth of ^ an inch ; a second small hole is then bored at the 
ottom of the larger one for the reception of a gold plug, forming 
table j'^ inch in diameter, on which three fine lines are engraved 
t intervals of t-Jiyth of an inch in directions transverse to the 
ingth of the ban The distance between the two middle lines 
le length of the standard, and the object of excavating the holes 
. to obtain a measurement along the axial line of the bar. 

This is an example of what is termed lint measure, and line 
tneasutc bars are compared by the aid of fixed microscopes, with 
optical contrivances for reading to am^oo th of an inch 

In the year 1834 Sir J. Whitworth obtained two standard yards 
5n the form of line measure bars, and by the aid of microscopes 
transferred the mean distance between each pair of engraved linea- 
a rectangular end measure bar, as nearly as he could accomplisl 
task At the same time he constructed a millionth laeasanaXi 
;hine for the reception of the bar. 

iw became comparativelyeasy to subdivide the yard into feet, 

and for this purpose three bars were prepared, each a little longer 

than one foot. A temporary abutment was then raised in the bed 

l«f the measuring machine, and the bars were reduced and tested 

itil (i) they became respectively of the same length, and (z)j 

ley filled up the length of the standard yard when placed end 

end. 

Further subdivisions of the foot were made, and finally 
[standard inch was arrived at 

Again, standard end measure bars gave birth to standard cylin- 
■drical gauges, and thus the mechanical measures adopted in the. 
workshop have been originated and have been reproduced by 
ithe employment of end measure bars and a good raeasurii^ 
•tnachine. 
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Each wheel of a series, A, B, C, &c, possesses ten pins or 
teeth and it is contrived that one tooth only of C shall be sufB- 
■nt'ly Ions Ui ri:ach those of B ■, svmaad-; B is provided with o"- 
■ tooth whicli is cav^Wt ^'^ ^™^^?. ^ 
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Thus C goes round ten times while B makes one revolution, 
sd So on for the other wheels ; in this way the series is adapted 
)r coimtinR units, tens, hundreds, thousands, &c 

In fig, 289 the ami EF imparts rotation to the first, or ratchet 
iheel, by means of the paul HD ; the number now registered is 
88 ; after two vibrations of the arm the zero of C will reach the 
highest point, the tooth P will drive B through the space of one 
tooth ; and the number registered will be 990 ; after ten more 
vibrations of the arm, P will again advance B, and at the same 
instant Q will move A, and will bring its zero up to the highest 
point : the three wheels will now register 000, having passed the 
number 999, which is the last they can give us. 

The wheels are retained in position by the rollers R, R, R, 
mounted upon springs. As each roller is forced in between two 
pins, it not only acts as a detent, but also adjusts the wheel in its 
right position. Mr. Babbage employed this contrivance in his 
calculating machine. 

Art. 222. — A small counting apparatus is attached to every 
gas-meter used in houses, and registers the number of cubic feet 
of gas consumed ; here, however, the step by step motion is not 
employed, the dial plates are fixed, and a separate pointer travels 
round each dial respectively. 

The pointers are placed upon the successive axes of a train of 
wheels, composed of a pinion and wheel upon each axis, the 
number of teeth on any wheel being ten times that upon the 
pinion which drives it. Suppose, for example, that the pointer on 
the plate registering thousands completes a revolution and adds 
ten thousand to the score, its neighbour on the left will have 
moved over one division on the dial registering tens of thousands, 
and thus an inspection of the pointers throughout the series will 
at once indicate the consumption of the gas. 

These index-fingers move alternately in opposite directions, 
being attached to the successive axes of a train of wheels ; the 
figures upon the counting wheels are also placed in the reverse 
order on every alternate wheel. 

Vs we are only concerned with the counting apparatus, it is 
not necessary to exjilain the manner in which the flow of gas 
through the meter sets the train of wheels in mQV\Ci^,\i'a't 'xe. \ca.-^ 
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point ool thai ihete is no ratchet wh«el employed, and that the 
flow of gas keeps up a constant rotation in aa endless sa 
which starts the train and maintains it in action. 

A reliable counting apparatus which will record the esad 
number of impressions made by a prindng machine is indispensable 
in some public departments, and il is found that the best resu 
iirTi\t;d at by combining a ratchet wheel having a few deep well- 
cut Icclh with the train of wheels used in the gas-meter. 

The practice is to place upon the axis of the first or ratchet 
wheel (■airj-ing the units a pinion of lo teeth gearing with a wheel 
ofiooicciKthcn another pinion of lo drives a wheel of loo teeth, 
and so on, as far as we please. The train of wheels cannot fail to 
record the hundreds, thousands, &a, accurately ; the only posa- 
laliiy of a mistake occurs with the units, but If the paul be car- 
ried well over the teeth of the ratchet, and if the wheel itself be 
driven ak each advance a little be>'ond the point necessary to |ive 
another unit, if, in other words, the movement should be a little 
over- pronounced, the register will be perfectly exact 

In order lo a\oid the objection that the successive wheels turn 
in opposite directions, an idle wheel Is interposed between ( 
alternate pinion of lo and its wheel of loo. AH the pointers then 
revolve in the same direction as the hands of a clock. 

Art, ajj. — Where it is intended to print the figures reps- 
tered, as in the numbering of bank-notes, the step by step motion 
is essential, and, further, each wheel must carry the letters upon 
its edge, and not upon the face : the apparatus employed is the 
same in jirindple as that of Cavendish, but the construction diSers, 
the wheels being placed side by side and dose together. 

In order to present a foir idea of the construction of a n 
bcring machine, that is of a machine designed for printing con- 
secutive numbers, we refer in the first instance to a rou^ modd 
belonging to the School of Mines, and shall afterwards ^ve si 
description of a complete apparatus. 

In the model, the wheels are flat cylindrical discs, having the 
numerals, i, 2, 3, 4, 5, 6, 7, 8, 9, o, paintc-d upon their edges. ' 
On one side of each disc a ratchet wheel with 10 teeth is caived 
oul, while on the opposite face of the disc only one nick or cut ni 
is/brmed. The cut m is aAiacam. \o ft«; wosocxi Q^^ss&.s&'-at 
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to serve the saipe purpose as the projecting tooth in the 
vious arrangement 

The drawing shows the complete ratchet in side elevation, and 
position of the teeth with reference to the numbers on the 
:. Also it will be noticed that the first driver DH is a slender 
which encounters the teeth of the ratchet on which it works, 
ereas the second driver NL is twice as broad as DH, and en- 
inters both the ratthet on the second numbering wheel, and 
that slice of the rim of the first disc on which the nick rn is 
jated. 



I 




It is apparent that so long as NL is resting on the rim of the J 
it disc at any pan except where the cut rn is formed, it will be 1 
Id above the teeth of the second ratchet, and will be inoperative, ^ I 

ihat when NL falls into rn it can irat tke sej^aTii^^Vwi^ 
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Thiis let the unit wheel mark 9, and the second wheel mark 0, 
the number read on the firet two wheds being og, meaning 9. At 
the nest stroke NL fails both into rn opposite the numeral o. and 
into the second ratchet at the part opposite the numeral r, 
whereby NL adi-ances both wheels by the space of one tooth, and 
ibe number 10 takes the place of 09. 

In like manner there is a second cut or nick pm adjacent to 
the numeia) o on the second wheel, and on the opposite side to 
the complete ratchet This determines the period when the nesi 
driving paul MT shall adx^ance the third numbering wheel, and 
thus the series is continued. 

It follows that the consecutive advance of the respective 
wheels may be provided for bj- the employment of ratchets, 
having ahemately ten teeth and one tooth respectively, and 
placed in r^;ulat order upon the numbering wheels, as shown in 
the diagram. 

Art. 32+ ^We can now explain with more particularity the 
construction of a numbering machine, a considerable portion of 
which is set out in the annexed diagrams. 

The mechanism is automatic or self-acting, the operator grasps 
the handle H. and moves it to and fro as far as i 
time that he does so the tj-pe is inked, the numbering wheels are 
adjusted, and an impression is takea 

In order to comprehend the operation we may point out 'hat 
the principal working parts are the following : — 

r. The handle H, centred at C, and provided with an aim 
carrying the printing wheels. The central axis of these wheels is 
at P, and since P is rigidly attached to the handle and C is also 
a fixed point, it follows that CP is of constant length. 

2. The two cranks, CP, BQ, with the connecting rod PQ, 
whereof CP is an imaginary line, but BQ and PQ control the 
inking apparatus. It has already been stated that advantage n 
be taken of the different positions of PQ in the above combi- 
nation, and an example is here afforded, as will be e 
diately. 

3, The numbering wheels lie side by side, and the projecting 
portions, marked /, jt, are the successive numerals, o, i, 

4. The inking roUeis, maiVei 1, \, -wotV m ^csa \" 
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PM, and are pulled towards P by elastic bands, not shown in the 
drawing. Connected with the inking rollers is the circular table 



Fig. 291. 




RR, upon which a supply of printing ink is spread out In the 
working of the machine, the rollers, I, I, run upon the table, RR, 
and receive from it a supply of ink •, tlve^ Xhet^ v^^ ^"^ ^^ "^^ 

u 
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faces of the printing type, and supply ihem with sufficient ink for 
an impression. 

5. There is an impression table, EEl, on which the operalion 
of printing is perfonned 

6. There are two ratchet wheels in combination, being nn 
ordinary and masking ratchet wheel respectively, which advance 
the numerals according to some required rate of progression. 
For a description of such wheels we refer the student to Art 13S ; 
they are not inserted in the present diagrams. 




By comparing the annexed sketch with that given previously, 
the operation of the machine will be clearly understood 

When the handle H is depressed to the full extent, the num- 
bering wheels are brought down to the printing table,- EE, and an 
impression is taken. At the same time the inkirtg rollers run 
back upon RR, and take up a supply of ink. 

During the time that the handle is being raised, the ratchet 
wheels do their work, and advance certain numbers as may be 
required The inking rollers, in their turn, run from the table, 
RR, to the type, and supply the numerals with sufficient ink for 
the next impression, and thus the process goes on with a degree 
of ease and certainty which it Is one of the triumphs of mechanical 
an to accomplish. 



I4_ 
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Art, 225. — As regards the operation of the ratchet wheels, 
will be remembered that an ordinary masked ratchet suffices 
» suspend the operation of advancing the unit wheel until two 
(trokes have been made, and thus it becomes easy to print each 
lumber in a series, such as 101, 102, 103, &:c., twice over. Also 
ifter the Unit ratchet has done its work, some method embodying 
he principle set forth in previous articles will be employed for 
arrying on the motion to the wheels printing tens, hundreds, 
uid so on. 

\ But there is yet something more to be provided for, inasmuch 
as it is often an advantage to print the odd numbers, as 101, 103, 
ito5, &:c., in one column, and the even numbers, as loz, 104, 106, 
Sec, in another column. 

Or the same machine may be required to print consecutive 
Bumbers. 

The arrangement for effecting this double purpose will be 
tinderstood by referring back to Art 138, and it will be there seen 
that the numbering wheels are carried by an arm in a circular 
sweep from the inking apparatus to the printing table ; in tra- 
velling along they encounter the paul, which is fixed to the frame- 
Work, and if the circle should simply graze, as it were, against the 
paul during its travel, one tooth only would be taken up ; whereas 
!by setting the paul so that it meets the circle at a point nearer 
Its centre, and strikes it more- directly, two teeth may h& taken 
Bp, and thus* either one or two units may be advanced at each 
impression. 

Art. 226. — The ninth chapter was devoted to illustrations of 
the importance of truth of surface, and we may now refer to a 
lecture diagram of a complete machine, which is an ordinary 
taample of a combination of elementary surfaces, viz., the true \ 
plane, the screw, and the cylinder. 

The machine is in use at Woolwich for turning out rapidly the'l 
bosses or naves of wheels, and is also a direct application of the I 
popying principle. 

The block of wood, intended for the nave, is supported be- \ 
tween centres, as in a lathe, and is rotated rapidly by a belt J 
)assing over, a driving pulley E. The adjacent pulley I ridea 
snse on ths'shaSt, and is an idle puUey. 
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The cutter e is carried by a slide rest, which resembles the ordi- 
nary slide rest of a kthe. There is a true plane surfece DD, with 
inclined sides, supporting ihe saddle_^. The handle H operates a 
screw which traverses this saddle to and fro along the line parallel 
to the line of centres of the bthe. The form of the nave is 
determined by the cam-groove in the plate AB in which a roller r 
rans as shown in the diagram, A slide carrying the cutter c is 
attached to r, and it follows that the traversing of the saddle /( 
along DD will cause the cutter e to advance or recede in exae[ 
accordance with the outline of the cam-pjoovc. 




When the block is first put in the lathe it is rough an(f ^ 

even, and the cutter c should be advanced slowly and cautiously, 1 
in order that it may commence by paring off the principal in- 
equalities. The cutter is therefore brought in or out by a screw 
actuated by a hand wheel h, and at the same time is traversed 
longitudinally by the handle H, the definite position of the cutter 
on the saddle being, of course, quite independent of its motion as 
due to the cam-groove. 

la (his way the machine does Vte -waiV-Kt^iAVj and effectually, 
! cutter runs to and fro aVoti?, t'he oMKCKve, 'al'Cna,'Ni.'a^'is*>. 
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removes the material while copying and preserving the outline of 
ie guiding curve. The amount removed is also under the control 
af the operator, and is regulated by the hand wheel h. 

Aht. 227, — We have reserved for the concluding chapter an 
(ccount of the principal conditions which obtain in the construc- 
iion of the escapements of watches, and have to show that the 
principle of the ^ dead beat' is recognised in the three forms which 
(we in common use. 

And here we may remark that the pendulum of a clock 
appears as the balance wheel in a watch. 

A wheel, pivoted on very small steel pivots, and working in 
jewelled supports, is attached to a flat spiral steel spring in pocket 
■watches, or to a more powerful helical steel spring in marine 
chronometers. This wheel vibrates under the action of the pull 
of the spring just as a pendulum would do undef the pull of the 
earth, but under better conditions theoretically, for the force of the 
.spring increases with the angle through which the balance wheel 
*wings, and in direct proportion to that angle ; the result, there- 
fore, is that the swing of the watch pendulum is always performed 
in very nearly equal times whether the arc of swing be increased 
Or diminished. 

We have what is technically called an isochronous pendulum in 
;the balance wheel, and this is important, because the time is not 
affected by small changes in the arc of swing. Further, it should 
.'fee noted that the balance wheel swings through an angle which 
^is enormous as contrasted with the swing of the pendulum, being 
tnore than a whole revolution in the case of the chronometer or 
(ever watch. ] 

I Consider now the construction of the chronometer escapement, . 
irhich fulfils our conditions with an exactness that may well sur- 
|)rise us, and which exhibits in its arrangement a marvellous 
amount of mechanical skill and forethought. 

The detent, which corresponds to the anchor pallets, consists 
pf four principal parts : — 

' 1. The locking- stone, D, a piece of ruby, upon which the tooth 
pf the escape wheel rests. 

The discharging spring, kr, which is a very fine strip of 
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5. A screw at A to iis Ar to the stem of the piece SD. 

4. Tht AtcA aS die detent, consisting of a projecting anu 
D^ ibe psn DA, sad tbe portion at S, which is cut away to (otm 
• spnfig «i>(ch nuy bead and aa as a pivot on which the whale 
dettot cm be moved a Utile. 

TTjc sman anie on tbe Idt hand has a projecting piece which 
kSQB Ac escapement in actioa, and it is a part of the stom of the 
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As tbe balaooe icheel swings to and fro, this roller also vibrates, 
aitd when passing downwards it encounters the spring Ar, and 
pushes it aside without any perceptible effort, because the spring 
bends frtun the distant point A. 

(hi its return the projection finds ihe spring to be capable of 
bending not from the distant point A, but only from the point ^ 
against which it nests. The roller therefore takes the spring and the 
whole detent with it and raises the lodcing stone D from the point 
of the escape wheel, the escape wheel at once flies round, and 
before it can be caught upon the next tooth by the return of the 
detent to its normal position, is enabled to give an impulse to the 
balance wheel by striking against the point <f in the manner shown 
in fig. 295. 

The whole arrangement can now be studied from the drawings, 
and is complete with the exception of a banking screw which 
supports the detent when coming back to the position of rest It 
will be seen that the large circle F is fixed to the smaller one, and 
that the projection marked d is quite clear of the escape wheel 
while a tooth is resting against the detent 

The advance of the esca'pe wheel U so instantaneous that it is 
/3o( seen to move : hapveaTSto«em\Ae>i\eT^X\>At,\s».\\«(TOss.'w. 
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rest again so quickly that the eye cannot follow and can scarcely 
detect the motion. It is, of course, made evident by watching the 
spokes of the wheel . 



Fig. 295. 




What, then, has been the action ? In the first swing of the 
balance the only obstacle has been the bending aside of the spring 
Ar, which is no more than bending a light feather. In the second 
swing the pendulum or balance wheel has had to lift the detent : 
this is a momentary and very small action against it, but as quick 
as thought the action is compensated and the balance receives its 
impulse through equal distances on each side of the middle of its 
swing, according to the principle of the dead-beat escapement 

Here, then, theory and practice are in exact accord. 

It should be noted that the impulse is given at every alternate 
swing of the balance, and not with every swing as in the case of 
the clock pendulum. 

Art. 228. — The Lever Escapement comes next in order, and 
here we return to the anchor pallets. TYve ^sca:^^^\v<^^\^\Q!^'s^ 
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by these pallets, and gives its impulse upon their oblique edgtf ', 
in the manner described in Art. 55. 

The balance wheel is free during the greater part of the swing 
(hence the name of Detached Lever), and oscillates through a 
considerable angle. The unlocking occupies an angle of about 
3°, and the impulse is given through about 9°. 

These are just the conditions which prepare us for the principle 
of the dead beat. 




The pallets, mp, qn, are jewels inlaid into the arms, the light 
steel bar DH is the lever movable about C as a centre. An open 
jaw at one end is capable of receiving a ruby pin, P, attached to the 
roller, which is on the axis of the balance wheel and moves with 
it. There are also banking pins, and a smalt guard pin to prevent 
the lever from falling out of position. 

As the balance vibrates the pin P swings to and fro with it t 
in doing so it enters the open cut at the end of the lever, and 
removes the locking portion of the pallet from the point of the 
escape wheel. Instantly the escape wheel flies forward, and by 
pressing against one oblique edge suddenly pushes on P, and the 
lever is no longer moved by the balance wheel but imparts an 
impulse to it. Very soon, that is after the nine degrees of the 
swing are consumed, the ruby leaves the lever behind, and the 
wheel goes on detached and unthetVed in its swing. 

On its return the pin &i\ds 0\e\e\ciNi\iMt>.>aa&Vv^"\\,c4mKs. 
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. forward, unlocks the escape wheel, receives its impulse, lea' 
le lever behind, and Che balance is free for the rest of 



iwing. 

The only action against the balance is that of unlocking the"" 
Sscape wheel so as to enable it to give the impulse. This is very 
)rief in duration as compared with the whole swing, and the' 
ratchmaker takes care that it shall be as little as possible. The g 
mpulse is given just at the middle of the vibration, and the coin 
Itniction follows out the theory very closely. 

Art. 229. — Lastly, we may refer to the escapement of thel 
■called Geneva Watches, which is Graham's cylinder movement 
Here the balance is attached to a very thin cylinder centred 
o, and the point of a tooth rests upon either the outside or the 
inside of this cylinder during a part of the swing. In this respect^ " 
[he action corresponds exactly to the friction of the escape tooth 
Igainst the circular part of the pallets in the dead beat 

As the cylinder vibrates round its centre 0, the tooth pn cornea 
under the edge at r, and pushes the cylinder onward : this gives anfl 

■pulse. The tooth soon passes r, flies 
into the cylinder, and is stopped by the 
concave surface near s ; the cylinder 
now vibrates in the opposite dkection, 

> escapes, and in doing so j 
(mother impulse rvs to the cylinder in 
Ae opposite direction, and thus the 
Action goes on. 

The impulse would not be given in 
the middle of the swing, but through 
.small arcs equally distant from the 
middle point, and equal in length to 
each other. Hence this combination is 
nearly identical with the dead-beat es- 
capement, although inferior to it in 
^his latter particular, 

The manner in which the effects of the expansion and ( 
traction of the material of the pendulum rod and the balane* 
wheel, due to changes of temperature, , are rendered innocuou3»B 
tnna a separate branch of the subjecl. 
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Art. 230. — TIte fusee is adopted in chronometers, and in mosi 
English walches, in order to maintain a uniform force upon the 
train of wheels, and to compensate for the decreasing power of 
the spring. 

The spring is enclosed in a cylindrical barrel, and sets de 
wheels in motion by the aid of a cord or chain wound paillj 
upon the barrel and partly upon a sort of tapering drum called 
a fusee. 

As the spring uncoils in the barrel, the pull of the cord de- 
creases in intensity ; at the same time, however, the cord unwmds 
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itseH" from the fusee, and continually exerts its strain at a greatei 
distance from the axis, that is, with a greater leverage, and with 
more effect 

The theoretical form of the fijsee is a hyperbola, being Ae 
section of a right cone made by a plane parallel to the axis of 
the cone. 

To prove this statement we must first recognise the law ac- 
cording to which an clastic body under extension or compres* 
sion exerts a force of restitution whereby it tends to recover ite 
original form. 

This law was stated by Dr. Hooke as being contained in the 
maxim itt tensio sic vis, by which it is intended to convey that 
when a body is extended or compressed in a degree less than that 
which produces a permanent derangement of form, the force 
necessary to keep it extended or compressed is proportional to 
such extension or compression. 

Take a spiral steel spring, baXatvce,, fo\ e,i3.m?te ■, hang upon it 
successive weights of 1, (^a^ (.i + i^ '.^■V-s^"*^-AVt'-«sS«3.''jMi». 
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-will descend through equal spaces for each additional pound 
weight, and will rise by equal spaces as each pound is successively 
removed. 

Assuming the law to hold exactly when the spiral spring is 
subject to a force of torsion instead of one of direct extension, we 
shall have the pull of the spring proportional to the angle through 
which the barrel has been made to turn. 

Let DPBA represent one-half of the sec- 
tion of a fusee, DPB being the curve whose 
equation is to be found. 

Draw DE, PN, BA perpendiculars on 

EA ; take ER, QN, S A to represent the pull 

of the spring when the chain is at the points 

D, P, and B, respectively. 

According to Hooke's law, the force of the 

■ spring, will decrease uniformly as the chain 

passes from D to B, therefore RQS must be 

a straight line inclined to EA Produce 

RQS to meet EA in C. 

ON SA 
Then /^ = 7t.> which is a constant ratio, by reason of the 

law of elasticity. 

Assume that this ratio is represented by m^ 

/. QN = w . CN. 

In order that the fusee may accomplish its object, the product 
of the pull of the spring into the arm NP must remain constant 
for every position of P. 

Hence, calling CN = x^ NP = y^ we have 
(pull of spring) x NP = m . CN x NP = mxy. 

But this product is not to vary, 

/, mxy = a constant quantity, 
ox xy ^=-2^ constant, 

which is the equation to a hyperbola. 

In practice, where great accuracy is required, the strength of 
the spring is tested by fixing a light lever to the winding^ sojiaxe 
of the fusee, and observing whether lYve ^\3XV ol \}cv^ ^-^ivcss^ >& 
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The Indf ai Ac aap k then btuh ap bf 
■B£ag Ac jam m a acnes of cqaal coniol 
yen. (Fig. 301.) 
The wtoding-on of the jam bc^ios at i}k 
base of ibe cone and proceeds upwards to 
ihe vertex ; the spiodJes are drivea by a 
drum which rotates under the pull of a chain, 
and they may be made to revolve with in- 
CTcaaing Ta.v"vdvVj b^ placing a fusee upon liie 
driving »haft and caiwinu the dMiin vo tKft\iiV3Q.\\. 
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Such an arrangement as shown in fig. 302 wUl be adapted to ^ 

rinding of a uniform supply of thread upon a conical surface ; a 
an easily compre- 

lend that a fusee of fixed 
limensions will do very 

Fell for building up the 

>ody of the cop after the , 

bundationismade The 
main difficulty occurs in 
|)roducing the copbot 
torn, where the series 
of conical la)ers of con 
linually increasing ver 
tical angle demands a 
iusee whose dimensions 
6hall gradually contract towirds the centre. 

The method of contracting the form of the fusee may 1 
explained as follows — 

Fig 303 represents portions of two flat discs haiing a 
■and E, and upon nhich ire cut radial and curved grooves ii 



manner indicated ; it being arranged that when one plate is placed 
upon the other, the pins P and Q shall travel in both sets o 
'grooves at the same time. 

We can easily see that the blocks 'fl\ic\\ catv] "Cftt -^ 
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move along the radial grooves as the disic: B turns relatively to JE 
and thai by this combination we can obtain a spiral fusee uf I 
any required form, and can contract or enlarge its dimensiom at | 

Art. 23?.— If two cords be wound in opposite directions 
round a drum, A,-and the ends of the conk 
be fastened to a movable carriage, it is evi- 
dent that the rotalion of A in alternate di- 
1 reciprocating movement 
\ in the carriage. 

This is a mangle in its simplest form, and 
the objection that the handle must be con- 
tinually turned in opposite directions may be obviated by the us^ 
of the mangle wheel 

It is clear that if the drum were divided into two portions, and 
that each half instead of being cylindrical were formed into a 
fusee, the motion of the piece driven by the rope would be no 
longer unifonn but would vary with the dimensions of the fusee. 
Hence the drum A has been replaced by a spiral fusee in ilie 
P^j. self-acting mule of Mr. Ro- 

berts, and thus the motion of 
the carriage is gradually acce- 
lerated until it has reached the 
middle of its path, and then 
decreases to the end of the 
moveraenL 

It must be understood that 
C, while that fastened at B 




A helical screw of a \3,Tjm5,-^\Xc!t\.\.'£a.'ifti\i'5acvii. t-jtrider would 
produce a similar variable mcrtXo-n, ot fee ■«w\£-«it^'*?, ™&'>«- 
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ti applied in a machine constructed upon a different principl^ 
I order to obtain a continually decreasing motion of the carriage 
t replaces the fusee. 

Art. 2-j,-3,.—Mr. Roberts's ■winding-on motion reposes upon thd 
(rinciple of tiie fusee, though in a modified form. 

l*t one end of a rope which is coiled round a drum be a 
ached to a point, P, in the movable arm CP ; it is evident that* 

e rotation of CP about the centre of motion C will cause some 
(ortion of the rope to be unwound from the barrel (fig. 307). 

Draw CS perpendicular to the direction of the rope ; then, at 
iny instant of the motion, 
he arrangement supplies 
he jointed rods, CP, BQ, 
nentioned in Art. 93, and 
i. is manifest that the rate 
t which the string is un- 
jround will vary as the per- 
pendicular CS 

This rate is greite t 
when CP is perpendicuhr 
to PQ, but decreases to 
nothing when CS vanishes 
ind here, therefore, the var)ing a 

Next conceive that the conditions are changed, and that th< 
Inim B moves to the nght hand through a moderate space, w" " 
CP remains fixed. The cord will unwind from the drum with ij 
jearly uniform velocity 

If, finally the arm CP be not fixed but be made to move froig 
a position a little to the left of the vertical into one nearly h 
zontal during one journey of the drum, it is abundantly clear ths 
we shall subtract from the uniform motion of unwinding I 
tanount which is due to, the action of a fusee, and that if t 
Spindles derive their motion from the rotation of the drum thej 
*ill continually' accelerate as the drum recedes from CP. 
way we can make up the body of the cop. To form the copi 
hottom, it is necessary that the winding on should begin t 
ntpidiy, and should gradually diminish. TViis ciiMSJAct oIvmsk 





uuined hs fuQ dhaKtcribe not ceases to travel along CD, and 
the thrud b voond in vmSorm cookal layeis. 

Art. 234. — HamsoD^ goi^/mtee is employed m watches or 
' ' S b»ii^ 3 ftisee ka; the purpose of keeping the timejuece 

% vhile the spring b being wound ap. 

~ e principle on nibkh it is constraaed will be readily imder- 
ReTeiring to the sn^ sketch in fig. 30^ conceive that 3 
force applied in diiectioii of the arrow at x is to be communicaled 
to jr. Let X and t be connected by a 9{»ing S, and suppose 
ftutber that some resistance to motion is felt at y, then the force 
at X wtMild compress die spring until / began to yield, after which 
X and J would mo%^ together as if they were one piece. 

Next suppose that x becomes fixed, then it is apparent that 
the elasticity at the compressed spring S will cause a push to be 
felt at J, and that for a short internal the spring would urge y 
onward just as if the driving pressure on x had been maintained 
unimpaired. In other words, if we interpose a spring between the 
driver and the thing driven, it is possible to obtain some amount 
of working pressure from the spring after the driving force has 
ceased to act 

We pass on to explain the drawing, which is taken from a 

model arranged for making the contrii-ance intelligible to a 

learner. If the construction adopted in a naich were more <Josdy 

followed it would be difficuU vo ^o'k vW^OTVimj^^atts. , 

A weight W, hanging Mpoi^ a stiro^-wn-i^A \a«iiA <)&& Sg/V 
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supplies the pull of the chain on the fusee, and the disc i 
v-ided with a ratchet, called the winding ratchet, having an ordi- 
nary detent at R. On the same axis as A is a circular plate B, 
having a ratchet, called the going ratchet, which is prevented , 
from recoiling by a detent P. Connected with A, and fom 
part of it, is the great wheel D, which is shown in the model as «,J 
pitch circle without teeth, and which drives the pinion K 




TTie object is to keep E rotating in the direction of the arrowj^ 
and from what has been stated it is apparent that so long as W 
upon A it will act also on D and will drive E. The difficulty 
occurs when the weight is being wound up, in which case A is 
turned in the reverse direction, and D would be powerless to drive 
%,_ unless some new agent were called into play. 

In the model this agent is supplied by the strong indiarubber 
cord ST, and in a watch it takes the form of a curved strip of 
steel, whose ends are brought near together. A circular slot 
marked by a dark thick line terminating in T determines the 

unt through which the recoil of the spring can act, and it 
should be noted that ST is attached at S to a pin on the plate E, 
and at T to a pin in theplate D. 

The first action of W is to stretch ST, and when the spring is 
sufficiently stretched D begins to move and travels round, the 
jfping ratchet slipping tooth by tooth undei l^\a i«.e."M. "¥ . "'^ITwsb- 
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llic «ini.ling-up takes place and the pressure of \V is taken c£ tbe 
Aaion of the spring bogins, and there is a pull of S tonrdsT, 
and of T towards S. The detent P, acting on the going ratchet, 
pPcvTnts any motion in the direction ST, and therefore T ap- 
piuaches towards S, bur in doing so ST puils D in the same 
jireciion a* thai in wliich W previously moved it, and the result 
is that the motion of E continues, notwithstanding that the weight 
W has ocasetl to acL 

Art. 355. — The mechanism of a keyless watch, so far as ihe 
winding of the spring .ind the setting of the hands are concerned, 
may be of inlcrcst to the student. 

There are three separate things to be provided for : — 

I. The spring is to be wound up without opening the case or 
inscnin(£ a key. 

J. The sanie button or handle which turns the spring should 
be awilablc for setting the hands. 

3. No injury should happen if the winding button be turned 
in the wrong direction 
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one in mechanism, being a ratchet cylindrical coupling, whereof 
the two parts are held together by a spring. 

It is shown at R, in figs. 310 and 311, the spring being marked 
Q, and terminating in a tail, which holds tbe coupling by the 
groove S. When the spring is in action the two halves of the 
coupling are locked together, but upon depressing the stud P the 
tail S is forced down, and the halves of the coupling are separated. 
The button H, which is rotated for winding the watch-spring, or 
for setting the hands, is connected directly with RC, the lower 
half of the coupling, and when the spring is in action the turning 
of RC causes L also to rotate. 

Thus, when the button is rotated in the direction of the arrow, 
the lower half of the coupling drives the upper half, but when the 
button is rotated in the opposite direcUon, the ratchet teeth on 
the lower half slip over those in the upper half, and all that 
happens is that RC vibrates up and down by the depth of a tooth. 
The movement is harmless, for no part of the mechanism which 
does any work is affected by it 

The winding square in an ordinary watch is replaced by the 
spur wheel D, having a detent r, actuated by a spring, whereby 
the toothed wheel serves the same purpose as a ratchet wheel with 
saw-cut teeth. This contrivance is borrowed from the engineers, 
as will be remembered. 

The spur wheel D gears with another spur wheel B, on the face 
of which is a flat bevel wheel which engages with another bevel 
wheel L attached to the upper half of the ratchet coupling. 
The rotation of H in the direction of the arrow drives RC, which 
again drives L, and so causes B and D to rotate, and thereby 
to wind up the watch. 

The setting of the hands is accomplished by a wheel A which 
operates on the minute hand. The lower half -of the coupling 
RC terminates in a cylindrical toothed wheel, technically known 
as a crown or contrate wheel, which is brought into gear with the 
spur wheel A when the stud P is depressed. It will be apparent 
that when RC is lowered the winding-up stops, and at that lime 
the hands can be set. \Vhereas when RC is allowed to rise the 
crown wheel is thrown out of gear with A, and the winding-up. 
can begin. Each action is shown sepaia.\.e.\'j m ^c ^t£Mi)DS£. 
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Art. 236. ^The snail is chiefly found in the strikijig p^ A 
repeating clocks Ii is a species of fusee, and is used to define 
P,^ ,,, the amount of angular deiiarion of 

a bent lever ABD, furnished ai the 
end A with a pin which is pressed 
against the curve of the snail by a 
spring, and is attached at the olher 
end to a curved rack, whose position 
' determines the number of blows 
which will be struck upon the belL 

In order to form the snail, a 
circle is divided into a number of 
equal parts (twelve, for example), and a series of steps are formed 
by cutting away the plate and leaving a circular boundary in each 
position. 

As the snail revohes, ABD passes by jerks into twelve different 
positions, and the clock strikes the successive hours. 

Since the point A describes a circle about B, it is cleat that 
the depth of each step must vary in order to obtain a constant 
amount of angular motion in the arm BA during each progressive 
movement. It will be seen that the circular arc described by the 
end of the small lever has its tangent at A, when in. the position 
sketched, parallel to the vertical diameter which divides the snail 
into two equal parts, and this reduces the inequality between the 

Art. 237. — The disc and roller is equivalent to the fusee, and 
is now but little .used, on account of the probability that the roller 
will occasionally slip. 

This arrangement consists of a disc A, revolving round an aids 
perpendicular to its plane, and giving motion to a rolling plate B, 
fixed upon an axis which intersects the axis of the disc A ai right 
angles. 

Supposing the rotation of the disc to be uniform, that of the 
roller B will continually decrease as it is shifted towards the centre 
of A, and conversely, 

This is precisely the effect produced by a fusee. 

The roller may be a wheel furnished with teeth, aud may roD 

a .spiral rack, as shown m live d\i^aia. 
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As the disc revolves the pinion P slides upon the square shaft, 
and is kept upon the rack by the action of a guide-roller, R, which 
travels along the spiral shaded groove. 




This example is by no means put fonv-ard as a good mechanical 
contrivance, for indeed the disc and roller possesses an inherent 
defect which should be diminished as much as possible in practice 
and not exaggerated. The bounding circles of the roller run with 
the sanu linear velocity, whereas the circular paths upon which 
they are both respettively supposed to roll move with different 
linear velocities, by reason of their being concentric circles of un- 
equal size traced upon a plate which rotates with a uniform angular 
velocity about an axis through the common centre. 

It is geometrically impossible that the bounding circles of the 
Toiler can both roll together, or the combination will fail in exact- 
ness as a piece of pure mechanism, and thus two rollers running 
round upon a fiat surface or bed-stone in the manner suggested 
form an excellent pulverising or grinding apparatus. These rollers 
■are called edge-nmners ; they are of large size and very weighty, 
and are placed near to the vertical axis about which they run. 

[t is apparent, without any proof, that the disc E will change 
the direction of its rotation as soon as it has passed over the 
re of the plate A. This follows from the nature of circular 
motion, and, as we have indicated, the disc B will come to a 
standstill when its circumference reaches the centre of the driving 
plate A. 

In like manner, if the axis of B be camei Aotv^to ^'Sx-k;^ 
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line passing over ihc centre of A, the student wiil undetsuad ita; 
if A routes in one direction while B is approaching its centre^ asd 
in the opjiositc direction, as soon as B has crossed th« centre, i; 
nccciisarily follows that the reciprocation of A will inipan a con- 
tinuous rotation in one direction to the roller B. 




Such a result is exhibited in the sketch on the lefl-hand side 
of fig. 314, where the arrow shows that A is rotating in one direc- 
tion when B is above the centre C, and in the opposite directicKi | 
when B is below the same centre ; while it becomes evident that | 
the direction of rotation of B is correctly indicated by the ainnr 
at P. and remains invariable. 

Art. 338.— This ino\-einent has been applied in the constmc- 
tion of a continuous indicator. It has been shown that Watts' 
indicator civcs the amount of work done in any stroke of a steam 
engine, and it follows that the general performance tif the engine 
would be inferred from 3 comparison of several indicator cards 
taken at inten-als. 

Tlie continuous indicator by Messrs. Ashton and Storey wiU, 
' however, furnish a complete register of the work done in a given 
tim& In this app.ir:ttus the piston of the indicator is attached to 
the roller B, and the p\ale \ \a.V.*s xiVi d^ a ^'dBsadbftd ^cale, the 
Kialing motion of ihe 'pisiorv o^ *£ en^'cie. 




Continuous Indicator. 

A genera! idea of the mechanism of the instrument may be ■ 
gathered from the diagram. A grooved wheel, M, is connected 
directly with the disc A, and receives a reciprocating motion from 
the piston of the engine just as if it were the barrc! of an ordinary 
ijhdicator. The roller B is connected on the side marked P with 
the indicator piston, and travels up and down in the vertical line 
PE, the motion of B being subject to the opposing forces of a 
Bteel spring and the steam pressure, just as if it were the pencil in 
an ordinary indicator. The axis EP is provided with an elongated 
pinion, as shown, which gears into a wheel H in every position, 
the intent being that the rotation of B shall be carried by H to a 
recording or counting apparatus at the top of the instrument, and 

the line ba produced. 

The principle relied on is that the work done by the engine 
in a given time will be directly proportioned to the number of re- 
volutions made by H in the same time. 

Taking a condensing engine as an example, it is apparent that 
■ when the indicator piston is in the position which accords with 
the tracing of an atmospheric line in an ordinary diagram, the 
disc B lies exactly over the centre of the plate A and does not 
rotate. In such a state of things the wheel H also remains at rest 
and no work is done. Whereas any increase of the steam pres- 
sure carries E above the centre of A, and causes H to rotate with 
a velocity which increases as the pressure rises. Or, if the vacuum 
be improved, B sinks to a greater distance below the centre of A, 
and H rotates more rapidly during the return stroke, the result 
being to register work done in both cases. Also, if at any time 
there should be a subtraction of area in an ordinary indicator 
diagram, there will be a like subtraction here by reason that B 
win cross over the centre before the direction of rotation of A 
is changed, whereupon H will begin to rotate in the reverse 
direction, and some of the work previously scored up will be, as 
it were, rubbed out. Hence, the instrument sums up, or inte- 
grates, as it is termed, the actual performance of the engine in any 
given interval of time. 

Art, x^g.^Step wheels constitute a modification of toothed 
wheels ; they are due to Dr. Hooke, and are used to ensure a 
smooth action in certain combinations o? ^\\e^-'«Q^ 
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It b evitlenl lha( the artion of two wheels Upon each o 
IccaiiKS nHWxr e«n wxj perfect when the number of teeit is 
crooscd, Imii ihAt the teeth at the s.irae time become v«akaud 
k» xMc lu transmit great force. 

Hr. H*>oJics inwniion overcomes the difficulty, and TintuSf 

the niimber of teeth without diminishing their si 
Sewral {iLttCi or wheels are laid upon one another si as to 
m one vheel and the teeth of- each succeeding plate arc set 3 
FViw >i> little on one side of the preceding one, it being | 
jvx^vided (hat the last tooth of one group shall aa- I 
nr>|K»td n-iihin one step to the first tooth of the \ 
next srou)i The principal part of the action of 
t*o teeth occtiTS just as they pass the line of centies, ■ 
aixS there are now three steps instead of one &om j 
the tooih A to the tooth B. 

A single ohliijue line might replace the succes- J 
sion of itepSs hut we should then introduce a very objectionable ^ 
endlong iwessute upon the bearings of the wheels. 

IHnions of this amarticiion are to be met with in planing ma- 
chines, iiwJ are cinplo.N'ed to dri^-e the rack which is underneath „ 
the tkUe : so a^n stq> wheels are used in marine steam engines J 
where the screw s^fl is driren from an axis considerably above it 
The)' ate \'»tuable whct« strength and smoothness of action are 
10 be combined. 

Akt. 34a — It has been shown that in the case of ordinary 
bevel wheels the pitch cones hai-e a common \-ertex, and there- 
tore of necessity the axes of rotation meet in a poinL In some 
cases, howe\"CT, it may be con\-enieni that the axes of bev-el wheels 
should pass close to each olhCT without intersecting ;- the teeth 
have then a twisted fonn, and the wheels are known as stxis 

A general idea of the principle of construction adopted in 
wheels of this kind may be obtained by a simple exijeriment 
Fasten a light rod of wood or a bright steel wire, such as a knitting 
pin, obliquely to the face-plate of a lathe, in such a manner that 
the direction of the ro3 intersects at an angle the axis or line of 
the laiha Set the plate in ravid rolation, when the rod wiU 
appe:iT to be replaced by a s\»adows AoiAit «««, T^«. *«Kss."-e. 
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e to the fact that any impression made on the retina of the eye 
idures for an appreciable time. 

Now fix the rod in such a manner that it no longer cuts the 
le of centres, but passes obliquely on one side thereof, and set 
e face-plate in rapid rotation as before. The double cone will 
; replaced by a surface resembling a dicebox, which is curved 
D every part, and yet is generated by a straight line. This sur- 
s known to mathematicians as a 'hyperboloid of revolution.' 
1 tlie mode of generation it is clear that the surface in question 
I symmetrically disposed about the line of centres of the lathe, 
ind we may regard that line as its axis. 

If two such hyperboloids be brought into contact along a pair 
f generating lines they will roll together, and will serve to com- 
Qunicate a motion of rotation from the axis of one to that t 
he other ; that is, they will enable us to communicate moticu 
between two axes which are not parallel and do not meet, t! 
lirections of the generating lines in each surface determining th« 

lefal direction of inclined teeth which might lie on the r 
pective surfaces. Thus two hyperboloid surfaces replace, in t 
of skew bevels, the pitcli cones of ordinary bevellec 

Art. 241. — Root's Blower, a mechanical equivalent for a fail, j 
a special contrivance which has been modified and varied byj 
he ingenuity of patentees, and has been extensively used. 




The sketch 6g. 316 is from a inode\ "m iNxe c.i^t.t\\isiv <i^ "? 
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93tK CTo ^•'^■"■•'^ ^"H tn i ii B and D^ ancred oa 

\3aA Anwcs bf apoK- of o^d spar wherils in opposite 

I wkh tx^fKi. i^ueaif^ A fMoritrr case Muruuiads the 

^vtd k is pnmded tfaoc tfaBrsbaS be no acnul cnna 

|jiBt£ices af ifae sotadng piiw^ eUber with ndi odn 

Km Bar be wateoc mij mbiiBg aoioa cr iuennl &kiiDa. 

p»B tbe»TO«9 sfcotr Ac ■Boner m wfakJi the ait 

WOie cXHng U A. and ii swept fccwaid to tfae exk at E, (be 

lano«9oniiie ptsnms bes^ cnplo^ed to mdicate tbor 



la fig. 317 the btower ts comoted hoa a wnritantt g tipgar 
rsns for 3 coOiery, and b in ok at a pit bfioo^a% to the Soodi 
Durham Coal Company ; it cordis of tvo ptstons, each 25 feel 
n diatDcter and 13 feet wide, dthen bj- ei^bies having a pair of 
sS-itich cylinders with 4-feec itrake. 

The clearance between the periphery of ooe of the [nstoas 
and the central cirde of the other is ); inch, and it is stated that 
when ihe ventiJatot runs at 21 rertJniioDs per minute the amont^ 
of air passing tfarou^ the machine b ^lout 118,000 cubic feet per 
minute. 

Art. Z42. — ^The Gm^emor of a steam tngiiK osuatly appeals 
J under the form invenied by Watt, and has pro%-ed of the greateS 
' possible value in steam machinery. 

The i^agram shows this well-known piece of apparatoSi 
and the principle of its action may be described very briefiy as 
f follows ; — 

The engine imparts rotation to the halts of a heavy conkal 
pendulum, and mainmns them at a certain inclination to the 
vertical ; if tli*^ velocity of the engine be increased, the balls open 
out more widely , if it be diminished they collapse, and in doii^ 
■0 they set in motion a system of levers which is connected with 
a throttle valve, and thereby regulate the supply of steam to the 
cylinder 

I A commot\ method o( con^.ttMcvn'^ vVvt ^jot^toox has been 
rfahown in fi& 3i*' Tte\i!asMeai'ss)«^&RA-^-i^Tii«M>s.^ 
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d H, a little on either side of the central vertical spindle CB. 

; HD, is connected by fic. jis. 

link to a sliding block ST. As 
f rotation increases the 
^s fly out, ST rises, and in doing 

actuates a lever which controls 
steam valve and diminishes the 
pply of steam. 

The arm DH is produced to 
eet the vertical a.\is in C, and DB 

drawn perpendicularly to CB, 
lence the balls and suspending 
Ins lie upon the surface of a cone 
lose axis is CB. The chief point 

notice is that the number of re- 
lutions made per minute by the 

s depends upon the height of the cone, viz., CB. 

The effect of placing E and H at a little distance from the 
"s to cause the variation in the height of the cone to 
come greater for any given rise of the balls, and thereby to 
xder the governor less sensitive. Thus the heights of the cone 
the two positions shown are CB and cb respectively, the vari- 

1 being equal to O" + Bi. 
■ Special methods of construction have been originated for 
ducing the amount of this variation ; as to which the reader is 
ferred to the author's text book on the Steam Engine. 
. An engineer can easily arrange that the variation in speed 
feiitted by the governor shaJl not exceed one-tenth of the mean 
iocity, but it is of the essence of.the invention that some change 
I the speed should be admissible : the balls cannot alter their 
tsition unless the time of a revolution changes, and they cannot 
Kumulate such additional momentum as may be sufficient to 

ve the valve until the rate of the engine has sensibly altered. 

In some cases, as where the engine drives machinery for very 

; spinning, it rnay be desirable to obtain an almos( absolute 
jiformity of motion ; or, again, it may be an object to avoid the 
actuations in speed to which the common governor is liable ■( 

n any sudden change occurs in t\ie \oo.4 u'pou 'Csve. 
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Art. 243. — In order to control the engine with almost theo- 
retical exactness, and to provide against the objections to whicli 
AVait's governor is exposed in certain extreme cases, Mr. Siemens 
has put forward a remarkable adaptation of epicyclic trains to the 
conical pendulum ; and we shall proceed 10 an examination of his 
invention. 

The original construction of this governor is exhibited in ihe 
diagram, and is better adapted for the purposes of explanation than 
a more recent arrangement (tig. 319). 

An epicyclic train of three equal wheejs, A, B, C. is placed 
between the driving power and the conical pendulum ; of these, 
A is driven by the engine, C is connected with the pendulum, and 
B is capable of running round A and C to a small extent defined 
by stops, the joints at F and li being so constructed as to permit 
of such a motion. 





The wheel, B, is also con- 
nected by the system of leven 
to a weight, K, and shuts the 
steam valve when its mob<Hi has 
lifted K through a certain space. 

The valve spindle passes 
through the centre of njotion, E, 
and is turned by tlie arm FE. 

A conical pendulum, DP. is 
suspended by a ball-and -socket 
\om\. a.\. S, Mvd ISft extremity D 
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this way the rotation of C is communicated directly to the: 
id'ulum. 

It will be seen that a certain amount of energy is absorbed ia 
serving the pendulum at a constant angle with the vertical, and 
S a part of the contrivance tb increase artificially the friction 
ich opposes the motion of the pendulum, and thus finally to 
ie the pressure exerted by the weight, K, an actual 

amount of the maintaining force. 

The governor is al work when the velocity of the engine is just 
Bcient to keep K raised through a srnall space. 

In order to understand the peculiar action introduced by the 
icydic train we should remember that one of these two things 

happen : either A and C will turn at the same rate, or else B 

shift its position and run round the axis AH ; there can be nO' 
parture from the rigid exactness of this statemen 

Now, the wheel C is connected with the pendulum, and it» 

ition cannot be maintained without a constant expenditure of 
ergy ; in other words, the tendency of C is to lag behind A, 
d to cause B to run round the axis AH. 

This indisposition in C to accept the full velocity of A is 
ificially increased by the friction until B shifts its position and. 
the weight K permanently, and then of course it follows that 
e pull of K evidences itself as a constant pressure tending to. 
"ive the wheel C 

The pendulum being in this manner retained in permanent 
tation, suppose that any increase were to occur in the velocity 
A : the wheel C is in connection with a heavy revolving body, 
n only change its velocity gradually, but K is already lifted, 
the sense of being counterpoised, and the snullest increase of 
ing power can therefore raise it higher ; thus the tendency to 

increase in the velocity of A will at once cause B to change its 
sition, and will control the steam valve. 

So sensitive is this form of governor to fluctuations in speed, 
5t an alteration of ^'^th of a revolution may suffice to close the 
■otde valve altogether. It is in its power to move the valve, as 
ill as in its sensitiveness, that this arrangement presents so re- 
xkable a contrast to Watt's governor, where the moving force 

the valvs spindle is only the differetice ^KX'wefiti ft*. 
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stored up in the two positions of the balls. In this ktna dL 
governor llie power is only limited by the strength of the rods and 
levers ; for it is apjtaient that the whole momentum scored up in 
the revolving pendulum would in an" instant be brought to bear 
upon the valve spindle if any sudden alteration were to occnrrn 
the velocity of the wheel A. 

In the method which has been adopted at Greenwidi lis 
registering the times of transits of the stars by completing a git 
vanic circuit at the instant of observation, a drum carrying a sheet 
of paper is made to revolve once in two minutes, A pricier 
actuated by an electro-magnet, and moving slowly in a laleial ' 
direaion, is set -in motion at the end of each beat of the seeonib 
pendulum of a clock, and thereby makes a succession of punctures 
in a spiral thread running round the drum. The obseirer touches 
a spring at the estimated instant of the time of transit of a star 
across a wire of the telescope, and, producing a puncture inter- 
mediate to those caused by the pendulum, does in fact record the 
exact period of the observation. The regularity of motion in the 
drum is a matter of vital importance, and was at one time ensured 
by the employment of a clock train moving under the control of 
this pendulum of Mr. Siemens. 

But, inasmuch as the tendency to simplify mechanical move- 
ments is always leading to new results, it has been found advan- 
tageous to replace the more complicated governor, with its trab of 
wheels, by a conical pendulum controlled by a so-called dipper. 
The pendulum is driven by an ordinary clock train, and the 
dipper is carried round with the ball, and is merely a small flat 
plate dipping partially into a bath of glycerine and water. When 
the pendulum is accelerated the dipper enters the liijuid more 
deeply, and the drag is greater, whereas when the velocity of the 
pendulum diminishes the dipper rises, and the motion is las 
retarded. It is said that this apparatus fulfils its purpose e«- 
tremely well I 

Art. 144. — The Double E<ctntric for Rntning an En^tt. 
When the piston is near the middle of its stroke in a locomotne 
or marine engine, the slide-valve will have moved over the 
ports in the manner pointed out in fig. 320. 

Xhe slide-valve is conuecved miii i ^1 



■ the steam- I 



The Double Eccentric. 

ice of a small circle which represents the path of the centre 3 
the eccentric pulley, and the piston is connected with a point "4 
. a larger circle, representing the path of the centre of the \ 
.nk-pin. 

The piston.and valve are shown as separated in the drawing, 1 
It the small circle is repeated in the position which it actually 4 
cupies, and the method of reversal is the folloiving ;— 

In the upper diagram the piston is supposed to be moving to J 
2 right, and the valve to the left, the piston having travelled so J 
■ in its stroke that the valve is returning to cut off the steam : 
ordw, therefore, to change the motion, we must drive the piston 
ick by admitting the steam upon the opposite side, and by 
ting out that portion of the steam which is urging the piston 
rward. Hence we must move the valve into the position j 
pwD in the-lower diagram, and shift the centre of the eccentricV 




illey from A to B ; , the piston will then return before it reaches'] 
e end of i1ie cylinder, and the movement of the engine will 
reversed. 

In examining the diagram it should be understood that the 
rank which works the-slide-rod is inclined at an angle somewhat 
«ater than go" to the crank which is attached lo the piston ; and 
BO that the crank of the slide-rod is always in advance of the 
one in its journey round. The eiis.oe ■wo'ivi -qsa. -^oi*. 
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the larger crank were lo turn in the opposite way to that shown 
the sketch. I 

This explanation shows that in' reversing an engine we musl 
either shift the eccentric from the one position into the other, or 
else we must employ two' eccentrics, and provide some means of 
connecting each of them in turn with the slide-valve. 

Art. 245. — The link motion commonly appears under three 
forms, (i) There is the shifting link, having its concave side 
towards the axle or crank shaft : this arrangement was introduced 
by the celehrated Stephenson, and is known as Stephenson's Link • 
Motion. (2) There is the stationary link, where the curvature isin 
the opposite direction. (3) There is the straight link, which is 
derived from a combination or moulding together of the two 
former contrivances. 

I. Stephenson's link motion is shown in fig. 321. 

AB is the starting lever, under the control of the emgine-driver, 
and is represented as being pushed forward in the direction in 
which the engine 'is moving ; CD is the link, provided with a 
groove, along which a pin can travel ; a short lever, centred at R, 
is connected at one end, Q, with the slide-valve, and at the other 
end with the pin which moves in the link. 

It is clear that so long as the pin remains near the point D, 
the leVer centred at R will be caused to oscillate just as if the pin 
were attached to the extremity Of the outer eccentric bar, and that 
the outer eccentric alone will be concerned in the motion of the 

If now the engine-driver wishes to reversq his engine, he puUs 
back the lever AB, and by doing so he raises the link CD until 
the pin comes opposite to the end of the inner eccentric bar. The 
raising of the link is caused by the motion imparted to the bell- 
crank lever, GEF, which is centred" at the point E. A counter- 
poise to the weight of the link is attached to the axis pas^ng 
through E at some little distance behind the bell-crank FEG, so 
as to be out of the way of the movmg parts, and the object of this 
counterpoise is to enable the engine-driver to raise the heavy link 
and bars easily, 

The inner eccentric bar now alone comes into play, and the 
o eccentrics being fasVewefi. to ftie awi*. wfiis. w. •Ca'i a^^ 
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indicated in the first part of the article, it "is apparent that the 
valve will be shifted, and that the action of the engine will be 
reversed. 

2. The slationarj' link shown in fig. 332 was invented by Mc, 
Gooch, of the Great Western Railway. It will be seen that the 
link RS is here suspended by an arm iC, so as to be stationary so 
far as any up-and-down movement is concerned, and that it is 
circular in form, being struck by a radius equal to DR, whereby 
also its concavity lies towards the cylinder and away from the asie 
or shaft of the engine. In the sketch the forward eccentric is in 
operation, and the motion is readily traced from the asle to the 
slide, which is shown as having partly uncovered the steam port 
marked A. On pulling the rod H* wJiich is in connection with 
the starting lever, oi; its equivalent, the bellcrank KeL is moved, 
and the jointed rod DR is brought" down by the pull of LM into 
a lower positio;i, whereby it imparts to the slide the motion due 
to the back eccentric, and the engine is consequently reversed. 

3. A third method is Allan's straight link motion, in which the 
link and the vaive rod are both shifted in opposite directions at. 
the same time. . When the link is shifted it must of necessity bft 
curved towards the eccentric rods, and when the slide rod is 
jointed as at D, and shifted up or down, the curvature of the lirit 
must be towards the slide, from which it follows that if both the 
link and the slide rod shift in a vertical plane the concavity ai 
convexity may neutralise each other, and a straight link may serve 
to give the motion. Link motions prove to be rather complicated 

. pieces of mechanism when any attempt is mad? to analy.se thein 
thoroughly, and therefore it may suffice to say that with a sm- 
rionary link the lead of the slide is maintained constant under all 
changes in the position of the sliding block, whereas with the 
shifting link the lead increases a little towards the central position. 
A special advantage of the several link motions consists in ihe 
power'which it gives to the engineer of regulating the sppply of 
steam admitted into the cybnder. By moving the starling lever 
or its equivalent imo intermediate positions, the amount of travel 
of the valve is reduced at pleasure, for it is evident that no steam 
can enter the cylinder ■^■\len t.V,ft \e\e^ \s i\a.lf-wav between its ex- 
treme positions, and tV\a.t vaT^mg, 3.vtvo\m\.'i, q^ c\iwav^ti'i-C!Kt^»KBa. 
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ix>rls, increasing to the maximum value, will occur when the lever 
is pushed over by successive steps. 

Art. 246. — Rolling curves have heen employed to vary the 
relative angular velocity of two revolving pieces. 

The mathematician Euier appears to have been the first to 
refer to a class of curves which, when caused to turn about fixed 
centres, should communicate motion to each other by rolling 
contact He deduced the property that the line of contact re- 
mains always in the straight, line joining the centres of the curves. 
The subject made no further progress until it was taken up by 
the Rev. H. Holditch, of Cambridge, who investigated the forms of 
several rolling curves and worked out the mathematical tiieorj-. 
(See 'Cambridge Phil. Trans.' vol. vii. a.d. 1838.) 

Prop. Where two curved plates, centred upon fixed axes, 
roll together, the point of contact must always lie in the line of 
centres. 

In order to establish this proposition we may reason as 
follows : — 

Let two curves have centres at A and C, and suppose that P 
and Q rcpr^ent two points which, will come together when the 
. curves move each other by rolling contact 

Then P describes a circular arc round A as the plate revolves, 
Pi^ j,j^ and Q describes a cir- 

cular arc round C 
Hence P and Q will 
come into contact when- 
ever these circles meet 
each other. Now P and 
Q are only in contact at 
one point, because the 
cun-es roll, and do not 
slide on each other, and therefore the circular arcs can only meet 
once, that is, they touch each other : but they can only touch in 
the line AC, therefore the point of rolling contact must lie in AC 
This is equivalent to saying that AP + CQ = a constant 
quantity. 

Further than this, the cui:vfts-wSa\\^Neo.ti 
: point where they roW u^on eaOn q*i.ct. 
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Ex. Two equal ellipses which are centred on opposite foci will 
roll together. 

It is the property of an ellipse that the tangent at any point 
P makes equal angles with the focal distances SP and HP, that is, 
that the angles SPT and HP/ are equal to one another at every 
point of the curve ; and again, that the sum of the lines SP and 
HP is a constant quantity (fig. 324). 

Fig. 344, Fig. 325. 





The two equal .ellipses centred upon opposite foci are repre- 
sented in contact at P (fig. 325). 

Let PT be the tangent to the ellipse A at P, and P/ the tan- 
gent to the ellipse D at P- 

Then SPT = /PH by the property above stated, /. TP/ is a 
straight line, or the curves have a common tangent at the point P, 
also SP + HP = a constant quantity, and the two conditions of 
rolling are fulfilled. 

Art. 247. — The theory is simple, and is the following : — 

Let SP = r, ASP = 0, HP = r', DHP = 6', the curves AP, 
DP, representing any pair of rolling curves with centres at S and 
H respectively (fig. 325). Then r + r' = ^. 

Also the curves have a common tangent, /. /•-— = /—. 

Let the difierential equation to the first curve be r — =zf{r\ 

then the difierential equation to the second curve will be 

r'%=f{r)=f(c-r'), 

whence the relation between & and r' may be found by inte- 
gradon. 
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Ex. There is a curve knon'D as the lo^uilhmic spiral, wl 
vrill roll without sliding upon a second similar and equal spiral 

The equation to the logarithmic spiral is r = <««, and the 
mode of setting out its form U extremely ingenious. 

Draw a Dumber of lines radiating from S, and inclined to SA 
at angles a, 2a. 3'i, &c., respectively. 

Then it will be readily seen that, if r^, r^, r^ &c., ore the 
corresponding values of SP, we have the following relations set 
up, viz. :— 

fiTj = rj', r,rj = r^, and so on. 
In order to find tlie lengths of r,, rj, r^, &c, we draw a 
straight line Sjt, inclined 
^"^- ^^' at an angle » to SA, and 1 

draw Ax perpendicular 1 
to St, xy perpendicular [ 
to SA, yz perpendicular 
to S.r, sv perpendicular 
to S-\, and so on. 
Then SA x Sj* = Sx', by similar triangles, 

also, S:' X Sj' ^ Si', and so on. 
.■, Sx, Sy, Ss, &c., are the respective values of r„ r.,, r^, &c., 
whence the curve can be set out. 

The curve has the property that the tangent at every point is 
inclined at the same angle t» the radius vector at the point con- 
sidered. 



Taking the equation , 



; have 



.'. '' y. ~ '"' ^ constant quantity, 
i the tangent of the angle nhich the curve r 



it any ppint. Let this angle be ^, ther 
p is invariable. 



with the radius vectc 
tan ^ ^ a constant, i 

Also 
whtnce the second io\\ingc\iv\*e\a'\4etiU'is^-«\'iv'ii'i^T=!t=jja 
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Fig. 327. 




In like manner we could prove that two equal ellipses centred, 
upon opposite foci would roll together. 

Art. 248.— In practice rolling curves must be provided with 
teeth upon the retreating edge, other- 
wise the driver would leave the follower, 
and the revolution would not be com; 
pleted (fig. 3;27). 

As is usual in all cases where seg- 
mental wheels are employed, a guide 
must direct the teeth to the exact point 
where they commence to engage each 
. other. 

The guide may be dispensed with 
by carrying the teeth all round the 
curves : this construction is usually 
adopted in practice, although, strictly speaking, it destroys the 
rolling action entirely. 

A quick return of the table in small planing machines has been 
effected by the aid of rolling ellipses. 

The table is driven by a crank and connecting rod, and the 
crank exists under the form of a flat circular plate, centred on one 
of the foci, and having a groove radiating "from the axis as a line 
of attachment for one end of the connecting rod. As the plate 
may be set in any position upon tl^ elliptical wheel, we propose 
to inquire what will be the effect of a change of direction in the 
groove or crank. 

Let the ellipses have the position shown in fig. 328,8 and H 
, being the centres of motion, and 
SPHQ being perpendicular to ha; 
the axis of one ellipse. Draw PR 
perpendicular to D^/, and let the 
ellipse DR^ be the driver, ro- 
tating as shown. 

While P^ is rolling upon 
PaQ, the ellipse Ka makes half a 
revolution ; and while RDP is 
rolling upon QAP, it makes the 
remaining half-revolution. 



Fig. 328. 
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Suppose Vii to revolve uniformly, then the times of a half ra- 
votulion of Afl will be in the same proportion to each other as the 
angle PSR to the angle 360° — PSR. The quick half revolution 
■ occurs when the shaded segments are roiling upon each other. 
\i, therefore, the table be made to move in the hne HS produced, 
and the crank be placed in a direction perpendicular to Aa, we 
' shall obtain the greatest possible difference between the periods of 
advance and retum. 

The practical difficulty with rolling wheels exists during that 
part of the revolution where the driver tends to leave the follower, 
and it can only be obviated by making the teeth unusually deep; 
also the wheeU should work in a horizontal plane. 

Art. 249. — An instance of rolling cutvk is exhibited in the 
sketch, and occurred in one of the many attempts made to improve 
the printing press before the invention of i(r. Cowper enabled the 
newspapers to commence a real and vigorous existence. 

The type was piaced upon each of the four flat sides of a rect- 
angular prism, to which the wheel B corresponded in shape, and 
j.,,.^ j^ the paper was pa^ed on to a plaUm 

responding inform and size withlhe 
, pitch-line of the wheel A. 

The prism and platten being in the 
I same relalive position as the wheels B 
1 A, we can understand that the 
' type would be in the act of impresang 
■ paper while the convex edge of 
> the wheel A rolled upon the flat side 
of B, and that in this way we should 
obtain four impressions for each revo- 
lution of the wheels. 

By this construction, the patentees, 
Messrs. Bacon and Donkin, intended 
to in^oduce the principle of continuous 
rotation as opposed to the reciprocating 
movement in a common press ; and the 
object of imitating exactly upon the 
\',-\\ee\^ :\ aud^B the form of the print- 
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ensure that the paper and type should roll upon one another with 
exactly equal velocities at their opposing surfaces, and that no 
slipping or inequality of motion should destroy the sharpness of 
the impression. 

Art. 250. — Hookers Joint is a method of connecting two axes, 
whose directions meet in a pointy in 
such a manner that the rotation of 
3ne axis shall be communicated to 
:he other. 

Here AB and CD represent two 
ixes whose directions meet in the 
Doint O ; the extremities of AB and 
DD terminate in two semicircular 
irms which carry a cross, PQSR ; 
he arms of this cross are perfectly 
iqual, and the joints P, Q, S, and R permit the necessary free- 
iom of motion. 

As the axis AB revolves, the points P and Q describe a circle 
vhose plane is perpendicular to AB, and at the same time the 
)oints S and R describe another circle whose plane 
s perpendicular to CD. 

These two circles are inclined at the same angle 
^ the axes, and are represented in fig. 331 ; thus 
he arm OP starts from P, and moves in the circle 
^P'L, while the arm OR starts from R, and de- 
cribes the circle RR'Q inclined to the former. 

Let OP', OR' be corresponding petitions of 
he two arms, then P'R' is constant, but changes 
:s inclination at every instant, and as a consequence the relative 
ngular velocities of OP' and OR' are continually changing. 

To find the relative angular velocities of the axes AB and CD, 
^e proceed as follows : — 

Let the circle prq (fig. 332) represent the path of P, ptq being 
le projection upon this circle of the path of R, and suppose a to 
e the angle between AB and CD \ then the dimensions of the 
\xrveptq, which v;ill be an ellipse, can be at once deduced from 
le equation 0/ = Or cos a. 
Draw Rm perpendicular to Or, t\ittv "^m ^\!^\i^ "Cssr. 7^s:&ci55s. 
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wrlical s])3re through which OR has descended while OP de- 
scribes the angle /OP. Bui the path of R is really a ciitie, and 
only appears to be an ellipse by reason of its being projected upon 





a plane inclined to its own plane. In order, therefore, to estimate 
the actual angular space through which OR has moved, we must 
, refer this motion to the circle which R really describes (fig 333), 
and thus by making R'w' = Rw, we can infer that w'OR' will be 
the angle which OR describes while OP moves through the angle 
/OP. 

Rut the angle /OP = angle /«0R, and hence we can represent 
the motion of both axes upon one diagram by combining the 
ellipse /Ry with the circle pr^g (fig. 334). This being done, we 
may draw R'RN perpendicular to/Oy,and join OR, OR' : it will 
at once appear that the angles RO^, R'Or are those described in 
the same time by the axes AB and CD. 

Hence the axes AB and CD revolve together, but unequally, 
and the angles which they describe in the same'time can always 
be found by construction. 

First draw the circle prq in a plane perpendicular to one axisj 
and having O for its centre, next construct the elUpse whose majoi 
axis is the diameter /O? equal to POQ, and whose minor axis is 
the product of POQ x the "co.sine of the angle between the axei 
Then take OR' any position of OP, draw R'RN perpendicular to 
/Oy, join OR' and OR. It now appears that R'Or and ROr will 
represent the angles described by the axes AB and CD in the 
given time. 

Furthermore, OR a-ni OW co\ivQ.4f«\«,'a 'R is at the end of 
i of the ellipse jfrR?, mv e\en\ -«\it\v twa^ NsKsn?wx "«wi. 
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:!ie cross goes round once ; and there is therefore this 
nirious result, that however unequd may be the rate at which the 
It any time revolving, they will coincide in relative posi- 
n four times in one revolution. 
The single }oint may often be very useful in light machinery 
^hich is required to be movable, and the parts of which do not 
: of very accurate adjustment ; but it will be understood 
lat the friction, and esperially that irregularity which we have 
Most proved to exist, would render it necessary to confine the 
ingle between the shafts within narrow limits in actual practice. 
Art. 251.— Now that the general character of the movement 
■is understood, we shall be in a position to comprehend the 
Ichange which is effected by interposing a double Jeint between 
Rthe axes. ^ 




p 
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I. Take the case where AB and CD are parallel axes c 
nected by an intermediate piece BC, having a Hooke's joint a 
both the points B and C, 

Conceive that the arms of the crosses at B and C are place 
the manner shown in the sketch, or let each vertical arm be cor 
nected with the forks at B and C. 

If AB revolves uniformly, BC will also revolve with a vary 
velocity dependent upon the angle ABC, but the variable velo< 
■which BC receives from AB is precisely the same as that b ' 
it would receive from DC if the latter axis were the driver a 
vers to revolve uniformly. 
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li fuDows tht-refore that the motion which AB impaits to 
will be a uniform velocity of rotation exactly equaJ to ibn 
of Alt. 

Hence a double Hookc's joint may be used to commmncaie 
uniform motion between two parallel axes whose directions oearij 
coincide. 

If, however, the construction were varied and the vertical am 
PQ of the first cross were connected with E, while the horizMUal 
arras, s, r, were connected with F, we should communicate no 
tloubl a motion of rotation between the axes, but it would 00 
longer be uniform but variable, by reason that we could not return 
by the same course reversed under like conditions. The devi- 
niions from unifonn rotation would no longer oppose and coirect 
each other, but they would act together and increase the io- 
cijuotity. This is seen at once upon constructing the diagrams 
which represent the relative rotation between each pair of axes. 

1. Let AB and CD be inclined to each other, and be con- 
nected by tlie piece BC jointed at B and C, and so placed that 
the angle ABC is equal to the angle BCD. 

As in the former case we must be careful to connect B and C 
with the corresponding arms of the crosses, and we have seen that 
the inequality produced by DC in the motion of CB depends 
both U|K)n the angle BCD and the position of the cross ; it is 
therefore the same whether CD lies in the direction shown, ot in 
ihc (lotted line CH parallel to AB. In both cases the angle 
between the axes and the position of the cross will respectively 
coincide. 

Bui we have seen that when the parallel axes AB and CH are 
connected by joints at B and C in the manner slated, the axes AB 
and CHwill rotate with equal uniform velocities, and we conclude 
therefore, that they will also rotate in a similar manner when 
placed in the position ABCD. 

Hence a double Hooke's joint may be employed to com- 
municate a vniforttt rotation between two axes inclined at a pven 
angle. 

Art. 252. — It win be found that well-known propositio ns of ) 
Euclid obtain a new s\g(\lftcatice viWu aipi^Ued to movable ti 
binations of the lines ot Eigctni. 
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' Referring again to the triangle from which we deduced the 
law of motion of the crank and connecting rod : — 
I. Let APB represent such a Fig. 336. 

: triangle, A and B being fixed 
points, and the angle APB being 
, a rigid angle. Also, let the sides 
PA, PB, be produced indefinitely 
>, in order that the dimensions of 
• the triangle may vary by the 
• sliding of PA, PB through the points A and B respectively. 

Let PAB = Q, PBA = 0, 

then + = 180 — APB = a constant 

/. ao + ^0 = o, or f = - a^, 

whence the angular velocity of PA about A is equal and opposite 

to the angular velocity of PB about B. 

Also since APB is a rigid angle, and since the angles in the 
same segment of a circle are equal to one another, we infer that 
the point P lies always in a circular arc passing through A and B. 
It will simplify the result if we take APB =.90°, as we can 
.. then apply the property that the angle in a semicircle is a right 
angle, also AB will in that case be the diameter of the circle 
traced out by the point P. 

In fig. 337 take A and B to represent two fixed axes, and let 
DEFH be a rigid rectangular cross whose arms can slide through 
the points A and B. 

The motion will only be possible so long as the arms of the 
cross have perfect liberty to slide through the points A and B as 
well as to rotate about them. 

Let this be arranged, and join 
AB ; then we have 
PAB + PBA=9o° in every position 
of the cross. 
Hence if the angle PAB increase 
by the rotation of PA, the angle 
PBA must diminish equally by the 
rotation of PB, or ED and FH 
must revolve with equal angular 
velocities. 



Fig. 337. 
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Also P, the angle of the cross, will descrSie a dtde i 
(]i(imi:tcr v* AB, and our proposition follows directly from Eodid, 
for if P move on to any point Q, the angles QAP, QBP are 
angles in the tume segment of a circle, and are therefore equfi 
to eafh other. 

This movement was put into a practical shape by^ti. Oldbm^ 
and used in machinery at the Bank of England. The s 
may easily construct a model after the manner of Hookes JwiM, 
when the centre of the cross will be seen to describe a circle 
whose diameter is the perpendicular distance between the wes 
while the arms of the cross slide to and fro through holes ir 
forked arms that spring from the axes and support them. 

a. Bisect AB in C, and take P and C as fixed cenU 
motion. As before, let APB be a right angle, then the rotati* 
AB about C will set up a rotation in both PA and PB, whereby 
each of the latter lines will tend to rotate with half the angular 
velocity of AB. 

In order to make the motion cotrtinuous, the lines AP, BP 
must be jiroduced so as to form a rectangular cross, and thfiy 
may be conveniently formed as straight grooves in a plain board 
whose axis passes through P. The bar AB will then be provided 
with pins working in the grooves. 

iJcscribe a circle with centre C and radius equal to CA a 
CB ; draw any fixed diameter A'CB', and join A'E 

F,u. jjB. Then it is proved in Eucliif thai 

the angle at the centre of a circle is 1 
double the angle at the circumfer J 
ence when both angles stand upon | 
the same arc, | 

that is angle ACA'=2 angle APA", j 
or the angular velocity of CP is 
twice that of the cross. ' 

As the driver ACB revolves the 
pins A and B will oscillate to and &0 
along their respective grooves and 
will traverse through the centre P. 
Art. 153. — 77ie (iif(«ntial ■wjorm Toluiel and tamjenf sfrvwist \ 
combination which wW \>e, unietaQoi -^vCR^iMi. ■a^^ &ri.-«TO:fc 
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Here two norm wheels diffenng by one tooth m the nuir 
iich they carr) are pliced side b\ bide and close together 
to engage with an endless screw ^s the wheels are so very I 
arly ahke the endless scren can drive them both at the same I 
ne, and it 1=; mdtnt that one wheel wil! turn rdatively to tha | 
ier through the space of the extra tooth in a Lomjilete revo- \^ 
aon, and that a very slow relative motion vt'iU thus be set up. 

In this way if one wheel carries a dial plate and the other a 
nd, we may obtain the n-cord of a verj large number of revolu-' 
ms of the tangent screw 
Art, 254. — ^Where a train of wheels is set in motion by a ] 
ring enclosed in a barrel it becomes of consequence r 
erwind the ipnng The Genr a s/c/i has been contrived with J 
e view of preventing such in occurrenLC, and will be found irtj 
' watches which have not a lusee 

Here a disc \ furnished with one projecting tooth P is fixed J 
jwn the a\is of the birrcl containing the mainspring and isl 
imed by the key of tl e watch 

Another disc B shaped as in the driwing is also fitted to thetl 
iver of the barrel and is turned onward in one direct on through 
definite angle every time that the tooth P f n 339 

»Eses through one of its openings being 
icked or prevented from moving it other 
jnes by the action of the convex surface of 

disc A- 

In this manner each rotation of \ mil 

ance B through -i certiin space ind the 
jotion will continue until the convex surface 
f A meets the convex portion E which is 
llowed to remain upon the disc B in order 
» stop the winding up 

The winding action hiving ceased the discs will 
leir normal positions as the mtchanism runs down 

Instead of suppos ng \. to make complete revolutions let it^ 
Bcillate to and fro through somewhat more than a right anglejl 
hen B will oscillate in like manner and will be held firml} by the^ J 
^position of the convex to the concave surface except during^ 




Art. 25;. — The Gearaa stop has been apfilied by SlrJI 
Wlinnmh n hs pbaing iiB(iDn& in order to give a ddmite [ 
wb aonn H> 2 piece froa Midch the ti^ mooan ts.derived. 
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The drawing shows a lever centred at A, and having a [md P 1 
at one end The other end of the lever is weighted at W, the , 
object of the weight being to cause the lever to fall over suddenly, 
and wilh sufficient power to carry the driving belt from OM 
working pulley to the next in order. 

A pinion on a shaft terminating at A gears into a rack formed 
on a traversing rod which is moved longitudinally in alternate 
directiora by tappets on the table of the machine. The rod, in 
its turn, actuates a bell crank lever which is connected with a fork 
employed for passing the driving belt from one pulley to another. 

As far as this explanation has gone it would appear that the 
weighted lever was designed simply for controlling the driving 
belt, but it will be seen that a portion of a Geneva stop is super- 
added, and this extra piece enables the lever to actuate also the 
feed motion. The axis A of the lever is surrounded by a circular 
plate, corresponding with A in fig. 339, and the piece BED has 
two concave circular cheeks at E and D exactly fitting the plate 
A. Also the pin P works in the open jaws as shown. 

The result is that the lever PA carries BED as it swings 
over, and locks it in ekVieT ^ostooTi, ■»i'ne.W\ v-:) xk& Ti^ht or the 
left. In the diagram vVie pm "P -vs ^Xwrsti— \>^ \t>. a.-scsCisji^ i^». 
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lion, while in the act of driving BED, and also, (2) after having 
fallen over to the right, at which time BED is securely locked. 

The extreme positions of the weighted lever are shown by 
Ihe dotted lines ^a, qb, and it only remains to point out that the 
feed motion is taken from the axis B by means of a grooved 
pulley and a catgut band. This band runs round another pulley 
which has already been described in Art. 132, and is there marked 

F, and by a comparison with the previous description the 
general arrangement will be readily understood. The locking 
of BED is essential in order to prevent any motion of the cutter, 
before the completion of the cut 

Art. 256. — The star w/ieel is used in cotton -spinning machi- 
nery, and is analogous to the Geneva stop. p^^ 

If the convex portion E were removed, so as 
not to interfere with the rotation of A, we should 
virtually possess a star wheel in the disc B, See 
Art 254, and fig. 339. 

In that case each rotation of A would advance 
B by the space of one tooth, or we should convert 
a continuous circular motion into one of an inter- 
mittent character. 

The usual form of the star wheel is given in the 
sketch, where the revolving arm encounters and 
carries forward a tooth at each revolution. The 
action is the same as if a wheel with one tooth were to dri*S 
another with several teeth. 

Art. 257. — It is well known to mathematicians that the a 
gular velocity of a rigid body about an axis may be properly refH 
sented by a straight line in the direction of that axis, whence $ 
follows that angular velocities may be combined according to t 
law which gives us the parallelogram of linear velocities or t 
parallelogram offerees. 

A remarkable illustration of the compounding of angular 
cities has been afforded in the construction of the so-caUcH 
Plimpfon or roller skate for use on artificial ice. 

This skate runs like a wagon upon four wheels, but instefl 
of the perch -pin being vertical, as i.nanoid\Tarj'wi^r^^\s 
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inwards, and dips towards the centre al the skate. Indeed, each 
pair of "wheels is provided with an inclined axis, and it will be 
presently seen that the skate will not serve its purpose unless the 
respective axes converge downwards to a point underneath the 
centre of the footboard. 

Everyone is aware of the manner in which curves are described 
by a skater upon ice. For example, when tracing out a drculli 
sweep on, say, the right foot, technically distinguished 
outside edge,' the plan is to keep the leg and body quite 

■ and to lean over a little towards the centre of the circle. 

With a roller skate the same movement of the body produi 
the same result, but in a very different manner. The act of tilling 

I over the footboard causes the fore wheels to deviate a little to- 
wards the right, and the hind wheels to deviate a little towards 
the left, the respective axles of the front and hind pair meeting, 
as they ought to meet, in the centre of the circular path described 
by the skater, and our object is to exhibit a method of construction 
which necessarily jiroducea this result. 




In order to simplify the explanation it will be better to confine 
our attention to the front pair of wheels, and the drawing shows a 
model which may illustrate the movement of the wheels as conse- 
quent upon the tilting of the footboard. 

The right-hand figure gives a perspective view of one half of 
the footboard AB, together with the inclined axis ae^ and a pair 
of roUeis attached to an axle standing at right angles to a pipe 
or hollow tube, which is threaded upon the immovable inclined 
axis, 

Tht next sketch s^iows vVie icm'CwiMi \esCvi\'t ■arv \\a 'sVMads 
near the edge of a horiz,OTiU\xa)c,\e,i-cvi ^■i.X^a-W'i-t^Wi. ■^'^s-^i-^i* 
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skate were pushed forward a little it would advance in a line per- 
pendicular to the edge of the table. 

Now raise one edge of the footboard without in any way 
altering the direction in which its central dotted line points, and 
let it be noted that the direction of that line is at right angles to 
-the edge of the table. 

In the drawing the footboard is shown as tilted through an 
angle xvy, and the immediate result is that the axle of the rollers 
turns to the right in the manner indicated by the arrow, and that 
if the skate were pushed forward it would immediately move in a 
'curved line pointing to the left hand. 

It is extremely easy to construct the model, and the move- 
• roent may then be studied with advantage. 

In applying general reasoning we say that there are three 

s of rotation before us, and it will be better to take the case 
where the board in the mode! is held in a horizontal position 
parallel to the plane of the table. In exhibiting the model it is 
more convenient to hold it in this way, but the drawing is clearer 
when the board is allowed to drop with one end on the table. 

The three axes of rotation are :— 

1. A horizontal axis through the horizontal footboard AB. 

2. The inclined axis ae. 

3. A vertical axjs through a. 
Here two simultaneous rotations about the vertical and boa 

zontal axes may give a resultant rotation about the inclined a 
just as horizontal and vertical forces acting on a point have an vA 
clined resultant 

But again, in the case of forces, the combination of the i 
clined resultant with the horizontal component would give t 
other vertical component ; so here, the combination of the rotati(i^ _ 
about the horizontal axis AB with another rotation about the 
inclined axis ae, gives a rotation about an imaginary vertical axis, 

., that passing through n, and hence the axle of the rollers does 
in effect rotate about a vertical axis, just as if it were the axle of 
an ordinary carriage provided with a vertical perch-pin. Such a 
rotation causes the rollers to deviate on one side of the normal 
direction. 

The specification of Mr. Plimptoris ^ataiw, ^^'i.^^\.s^i. ^q K."^- 
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Ncwmn and nurabercd 3190 of the series for 1865, cont^uns dnir- 
it^ of the skate, and shows the foot stand running upon four 
wheels, two on each side of the roller ajJe. The respective axle 
are supponed in frames capable of turning to a small e\i«u 
limited by stops, and are directed downwards to a point half-waj' 
between the heel and toe of the skate. These ledges petfomi the 
function of inc'ined axes. The invention is described as relatii^ 
to an improvement in attaching rollers to the foot stand of a skate, 
whereby the rollere are made to turn by the rocking of the foot 
stand so as to cause the skates to run in a curved line either to 
the right or left. 

It has been staled by experts on the subject that the arrange- 
ment of two inclined axes for causing the roller axles to conretge 
towards the centre of curvature of [he path of the skater was 
a completely new invention at the date of the patent, and that 
no machine existed at that time in which a like motion had beffl 
arrived at in so simpl 
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